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ABSTRACT

After a brief introduction on the physics of the Cerenkov
effect in view of its application to particle identification, the CEDAR
detectors are described, with emphasis on those characteristics and
construction features which are of interest to the user. The layout of
CEDAR counters in SPS secondary beams is described, and the signals
provided to the user are listed and explained together with the programs

for on-line control of the counter.

Finally the performances are stated, together with
various hints and suggestions on the procedure to follow in order to set
tune and operate a CEDAR. The dependence of CEDAR performances on beam

optics is stressed.
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1. INTRODUCTION

The CERN SPS secondary beams have been instrumented with a set of
various detectors, including analog wire chambers for measurement of
beam spot position and size, scintillator filament scanners to optimize
the beam divergence, MWPC for measurements of momentum of individual

particles, and Cerenkov counters for particle identification.

The latter include threshold Cerenkov counters for applications
at the lower emergies, and differential counters of the DISC type for
better resolution mainly at higher energies. These differential counters,
called CEDAR's (Cerenkov Differential counter with achromatic ring
focus) have been designed and built in the SPS Division as an experi-
mental facility : 13 CEDARs are now operational and have been success-

fully operated in the North or West Area beams.

Two versions of CEDARs exist, called CEDAR-N (type) and
CEDAR-W, with obvious reference to the North and West experimental
areas. They differ in the energy xange to which they are adapted: the
CEDARs-N can separate k's from n's up to 300 GeV/c, but can detect
protons only down to about 60 GeV/c, while a CEDAR-W can flag protons
of 12 GeV/c¢, aund can separate k's from n's up to about 150 GeV/c. The
CEDAR's electronics is also provided and serviced by the SPS EA Group.
The CEDAR commands and the electronics are under computer control, and
are connected to the SPS computer network. The user receives the CEDAR
signals and can operate his CEDAR from a key board in time sharing as

well as he can tune his magnets and collimators.

Despite of all the facilities available it is a delicate enterprise
to tune and optimize a CEDAR and to keep it in best condition_during
data taking. Users have to learn how to set it properly, how to check it

and how to find the reason of a malfunctioning.



In chapter 2 we are describing the principles of operation and the
optical resolution in order to educate the reader with the fundamental
limitation of the instrument. Chapter 3 gives and comments upon all
relevant parameters of the counters. Chapter 4 explains the environment
of the CEDARs in a beam line, the electronic treatment of the signals
and gives a thorough description of the software available for inter-
active controls and diagnostics. Finally in chapter 5 rules for practical
operation are examplified and a complete procedure for tuning and setting-

up a CEDAR is presented.

The main scope of the present report is to help the user to better
understand the instrument in view of assessing its possible performances,
of finding the optimum tuning for efficiency and rejection, of running

and monitoring the CEDAR during all data taking.



PRINCIPLE OF OPERATION AND OPTICAL RESOLUTION

2.1 Principle of operation

The Cerenkov light produced by a beam particle is emitted on

cones of semi-aperture 0 with

cosb = %E s ' (1)

where n 1is the index of refraction of the transparent medium and g

is the velocity of the particle.

Differential counters have an optical system to focus this light to
a ring image (see Fig. 2) with the aim of distinguishing
narticles with different masses according to the diameter of

the light rings.

The velocity of a particle is given by

B = 1 + 9\2 =
p) ) (2)

where m and p are its mass and momentum. It is clear from
Equ. 2 that the different momenta in a secondary beam with
Ap/p ¥ 1 % play little role compared with mass differences of

100 7 or more. For two masses my and m, one can write

2 2
m, \2 \-% m, \2 \-5 m -
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Figure 3 illustrates the differences of velocity ag/g corres-

AB
— %
B B

ponding to various pairs of particles with masses my and m, , as

a function of momentum.

Differentiating Equ. 1 with n constant one gets

AB =

1 a8, 1 s
tang B & 6 g ° (4)

and the difference on the ring radius R, which should allow to

separate the particles is given by

(5) .



where f is the focal length of the system. A mechanical diaphragm
with variable annular opening, is located in the focal plane to

select the photons of the wanted particles. Rings can be distinguished
if their radii differ by AR > LD, the opening of the light diaphragm.
In practice LD can be set as small as 0.1 + 0.01 mm but it is a diffi-

cult optical problem to focus the light to such a sharp ring image.

2.2 Effects broadening the light spot

Various effects must be cured in order to minimize the width of the

light rings:

i) Optical aberrations 1like astigmatism, coma, spherical aberrations

are of course existing, but have been minimized and contribute to
only 20 ym FWHM in a CEDAR optics. The diffraction limit for a
telescope optics with f : 15 and A= 300 nm 1is d . = 6 ym

and can be neglected.

ii) The most severe effect is the chromatic dispersion which may be ex-

pressed as

&y

a+16%%

AR =f @ s (6)

L
ch 2v

where v = is the Abbe number to characterize
the reciprocal dispersion of the gas.

(KD = 589.3 nm, AF = 486.1 nm, Ao = 656.3 nm).

v must be selected as large as possible and is one of the most
important criteria in the choice of the gas. »

At high energy the term 1/62y2 in Equ. 6 can be neglecteé'and the
chromatic dispersion is directly proportional to ® , which must
therefore be chosen as small as possible. In order to improve
further their resolution DISC and CEDAR counters have an optical
corrector to reduce the chromatic dispersion, (see Ref. 1,2,3 and

Chapter 3).



iii) The multiple scattering incurred by the beam during its traversal

of the gas radiator also contributes to broaden the light ring. Indeed
the centre of the light ring 1is defined by the direction of the
particle trajectory. If this direction changes inside the counter,

the photons are spread around non-concentric circles, resulting in

a broadening of the spot (see Fig. 4,b). This effect is the most
important one when the two previous effects have been corrected,

and therefore the radiation length is also a vital parameter to
consider in the choice of the gas. The r.m.s. of the light distribution

due to the gas scattering is

_ 15 LpP
oR(sc) ~ T Bp V3XO ’ 7

where L 1is the length of the gas radiator, with radiation length Xo’

density p, and pressure P .

iv) The inhomogeneity of the index of refraction of the radiator contri-
butes to the width of the light rings since
f An

bR = tan6 n (8) @

as from Equ. 1, Equ. 5 and Equ. 4 where An/n should replace AB/B.
In a CEDAR no pressure gradient exists in steady condition, but a

temperature distribution may persist for long periods of time, (see

Chapter 3). Let us assume a linear variation of temperature along
the length L of the radiator, with a gradient AT/L . Since
An/n = -AT/T at constant pressure (Equ. 19), the photons will have

a rectangular distribution in R with a standard deviation

= ‘ (9




v)

vi)

These four effects are incoherent and result in an overwhole -

worst resolution. The next effect is coherent for any given

particle and results in a broadening of the light spot only when

averaging is made over many particles.

The beam divergence creates another problem since the light rings

are concentric only when the particles have parallel trajectories.
If not the projected angles x' and y' of a particle trajectory

result in a displacement of the centre of the light ring by amounts
Ax = £ x'" , Ay = fy' . (10)

Hence the light distribution averaged over many particles is charac-

terized by

R(x') x
(11)
R(y") y

as illustrated on Fig. 4,d, where O and Oy' correspond to the

beam divergence.

Note that this effect is generally different in the horizontal and

vertical planes; furthermore, it does not concern all particles to

'

the same degree since those with small x', y' are not touched and

those with large x' or y' are most affected. In other words, a
CEDAR counter has an efficiency which decreases with increasing
angle between the particle trajectory and the optical axis (see
Fig. 5, for a typical example, where the six-fold effiéiency is

1

shown and x', y' are scaled in units of LD/f).

Other sources contribute to the background between the particle

peaks like the photomultiplier noise, the light produced by halo

particles hitting optical components, or the scintillation light

produced by beam particles in the gas.



2.3 Choice of parameters

The choice of many parameters of the counter is the result of
an overhall optimization of performance made by a computer
simulation of the 1light collection. We are not going
to describe this procedure in detail but we just want to recall the
physical arguments which were playing against each other.

The number of photons of Cerenkov light emitted is given

4
by )

N = 2ma L sin26 L) s
ph . A2

(12)

where o is the fine structure constant, L the length of the radiator,
and the sum extends to the range of wave lengths accepted by the

system.

Thus three parameters influence the light output : the Cerenkov
angle 6 , the length of the radiator and the width of the accepted

spectrum, especially towards small wave lengths.

But in order to reach a good velocity resolution the counters
need to have, according to Equ. 4,

7

6 AD << %—@ y (13)

Now the resolution in 6 is merely defined by the -chromatic

dispersion of Equ. 6 which can be simplified to

N
Aech =55 (14)

when the counter is used at high energy (y > é).
Combining Equ. 13 and Equ. 14, we get

e2

2kv

AB
<< T (15)

where k is the correction factor achieved by the chromatic

corrector, and one sees that 6 should be small in contradiction with
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the light output requirement. To reach a good k one also tends to
reduce the spectral range which is detremental to the light output
and the length of the radiator is limited for consideration of the
beam layout in the experimental halls. The choice of the gases was
made in order to minimize the chromatic dispersion (large v) and
the multiple scattering, and with a view on the minimum momentum,
Poin’ which could be achieved within 15 bars (the maximum pressure

for which the counter can be operated).

These considerations, together with the optical system which
is described in Chapter 3 have lead to the figures summarized in

Table I.

The lowest momenta for which the counters can be set to detect

particles of mass, m, are given there as a ratio Pmin/m.

Working pressure P and multiple scattering <6>SC resulting

from a full traversal of the counter, are illustrated in Fig. 6 and

Fig. 7.
Table I design parameters
CEDAR BAB gas | (n_-1)x 100 | v | 6 K 62 . ;
type sep (mrad) 2kv (m) Ppin/™
5x 107° N, 292 35 | 30.9 |11 1.2 X 100 13,24 | 11.3
1078 He 38.7 54 | 25.8 |24 ]2.6x% 107 {3.88 ] 55.9

2.4 Pattern recognition

The prime aim here is to discard the signal produced by unwanted

particles, i.e. rings of a slightly different diameter.

This is best done by collecting the light through a circular dia-
phragm of variable aperture, LD, and focussing it onto a number of photo-
multipliers. This number must be large enough to provide a good discrimi-
nation against wrong rings of light even when one or two photomultipliers
are failing to detect the event. CEDAR counters have got eight photomul-
tipliers, so that the discrimination against unwanted particles is good

when at least five photomultipliers are flashing.



The detection of good particles must also have a sufficient
immunity against random background as identified in parag. 2.1 vi).
For that a high level of coincidence between the photomultiplier
signals will also be the best ingredient. Signals with majority
counts of eight-fold, seven-fold and six-fold coincidence are
provided to the user. The level of coincidence plays an important

role in the relation of efficiency to rejection.

2.5 Efficiency and rejection

For a given photomultiplier the efficiency, n, of recording

the signal is given by
no= 1-e°%, - (16)

where ¢ 1is the average number of recorded photoelectrons, see
Appendix A.

If eight photomultipliers are whatching the same event
with similar efficencies, n, then the probability of observing the

various levels of coincidence eight, seven and six are given by

ng = a-eh’
n, = ng*8 (L - ey o0 (17)
ng = My + 28 (1 - e_¢)6 e-2¢

These values are shown on Fig. 8, where the number of photo-
electrons, for a typical operation of a CEDAR, is in the range :

1 < ¢ <4.

In practice ¢ can be determined experimentally when the
CEDAR is set correctly, by counting simultaneously the number of coin-
cidences of variogs levels: N6’ N, Ng. Since these numbers are in
direct proportion to the efficiencies Ngs» Ny Ng their ratios can be
substituted for the ratios n7/n8 in Equ. A8 and for n6/n8 in Equ. All,

and values of ¢ can be calculated.

These values are then used to compute in return the efficiencies
for six, seven and eight-fold coincidence levels, through Equ. 17,
and the information so obtained is vital for the user to check that the

counter keeps in good running conditions.
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DESCRIPTION OF CEDAR COUNTERS

3.1 Optical system

The optical system of a CEDAR focusses most of the Cerenkov
light onto the plane of the diaphragm with the help of a spherical
mirror, which constitute the most difficult problem of manufacturing,
as explained below. The chromatic dispersion mentioned in para. 2.2, ii)
is reduced by a correcting system. For all optical elements the tole-
rances needed for the quality of the surfaces, for the radii of curva-
ture, for the positioning, tilt and excentricity etc. have been assessed

with computer simulation of CEDAR performances.

3.1.1 Chromatic corrector

The most flexible system is a composite lens with quartz
and salt rings, which does not deflect the central wave length (see
Fig. 9,a). By locating it at various distances to the focal plane,
one varies the compensation in relation with the gas pressure. This
solution has been adopted at the unique DISC counterl) made for FNAL

but is a complex and expensive system.

If one accepts to use only one kind of gas in a given
counter, the chromatic dispersion only €epends upon y of the wanted
particle through Equ. 6. Therefore a fixed corrector can be designed
to best compensate for the chromaticity when the ultimate resolution
must be achieved, i.e. for separation of kaons and pions of the
highest momentum. With decreasing momentum (higher gas pressure) the
chromatic dispersion gets larger and is only partially.compensated
by the fixed corrector, but the separation between the light rings

increases faster than the spot size as it can be seen from Fig. 10.

This solution has been adopted and in order to cure both
transversal and longitudinal chromatic aberrations, two quartz lenses
are needed, see Fig. 9. The first lens can be associated with the mirror,
which becomes a Mangin mirror, (back surface reflecting), (éee Fig. 9,b).
This mirror has a central hole of 100 mm diameter to let the beam through.

These optical elements are shown in real proportions in Fig. 11.

When the best correction is achieved it still provides
only a first order cancellation (the curvature of the dispersion

function n()) is not the same for He and Si02, nor N2 and SiOZ).
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Thus a second order dispersion remains, which grows rapidly towards
the UV region. To strike a balance between maximum light output and
best resolution we have set a cut off at ) = 240 nm by means of glass

filters glued onto the exit windows.

3.1.2 Mangin mirror

Strict tolerances have been put on the quality of the quartz
blanks (300 mm diameter and 40 mm thickness), in which the mirrors are polished.
A path length homogeneity of A/8 was required. One unique supplier has
offered to produce quartz pieces of such dimensions and quality and the
acceptance of these blanks has been subjected to the analysis of double
path interferometry in order to qualify the inhomogeneities in terms of
spherical aberrations and astigmatism, see Ref. 3. The quality requested
was not really met by all the blanks and spherical polishing would not
have produced mirrors with the wanted performance. But some aspherical
figuring could be done on the back surface of the mirrors to help correct-
ing for the quartz imperfections. As a final test, double traversal
analysis with the scatter fringe method was made to check the

achieved quality (Fig. 12).

Behind the diaphragm eight simple condenser lenses are focussing

the light onto the photomultipliers.

Table IT shows the main parameters of these optical elements.
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TABLE 1II

Optical parameter list

CEDAR-W
Mirror
Glass Suprasil I
Outer diameter 300 mm
Hole diameter 100 mm
Radius of reflecting surface 8610 mm
Radius of refracting surface 6615 mm
Thickness 40 mm
Corrector
Glass Suprasil I
OQuter diameter 320 mm
Hole diameter . 150 mm
Thickness 20 mm
Radius of entrance surface 1385 mm
Radius of exit surface > 5000 m
Condensers
Glass Spectrosil
Thickness 10 mm
Radius of entrance surface 300 mm
Radius of exit surface )

Radial excentricity 30 mm

CEDAR-N

Suprasil I
300 mm
100 mm

8913 mm

8074 mm

40 mm

Suprasil I
270 mm
150 mm

20 mm

2885 mm

SOQO m

Spectrosil
10 mm
270 mm

[ee]

10 mm
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3.1.3 Optical tests

For every CEDAR optics the optimum longitudinal positions of
the lenses have been computed with the measured radii of curvature. The
system was then tested with a light source put at the height of the
diaphragm, by collecting the light through a movable slit on the other
side of the diaphragm, (Fig. 13). In this process the light is reflected
on the test mirror of quality X/15 and simulates a Cerenkov emission.
This double path through the whole optical system gives a high sensitivity
to measure defects or mismatches, which all result in an increase of the
spot size. Such measurements allowed us to establish the focal length of
the system to within one millimeter and once this information was avail-
able another computer optimization was carried out to define the final

position of the mirror and of the corrector.

3.1.4 Light output

It is interesting to know that the mirror diametre has not to
be made larger than 300 mm, as shown in Fig. 14, for the benefit of
off axis particles, since there is no point in collecting more photons
in the already favored séctors 1 to 4, as shown for example by the shaded

area on (Fig. 15).

The range of the photon spectrum which can be accommodated is
surveyed in para. 3.1.1 above and is limited by the needs for high

resolution.

The back surface of the mirror is coated by Balzers with Alflex UV
covered by a protecting layer and a high reflectivity up.to 90 % has been
obtained. All refracting surfaces are treated with MgF,, (a 75 nm thick

layer), for a minimum reflection at 300 nm.

A very good transmission efficiency for the total quartz thickness

of 120 mm is achieved with Suprasil I and Spectrosil A.

All effects contributing to the effective spectrum are illustrated in

Fig. 16.

3.2 Mechanical engineering

The pressure vessel (15 bar) is made of an steel pipe with a
diameters 534/558 mm, welded on square flanges to which a nose with
eight quartz windows and PM's is bolted on the upstream end whereas

a spherical head is closing the downstream end (see Fig. 27).
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3.2.1 Temperature uniformity

In order to achieve a temperature uniformity of + .1 K
as required in the most extreme conditions, (see parag. 3.3.1), the
whole counter is packed with 100 mm of polyurhethane foam to
provide best thermal insulation. The supporting feet, gas pipes and
electric cables are designed to minimize thermal conduction to the
outside world. In order to improve the longitudinal conductivity,
thick aluminium shells have been clamped to the outside of the big
vessel and copper shells are fastened onto the nose. With these
improvements the time constant for heat diffusion along the counter
is reduced to less than a day and the dayly variations of the external
temperature are attenuated by a factor of 20. The vessel temperature
is monitored by three Platinum wire thermometers located at both
ends and at the diaphragm main flange. Temperature gradients
of AT > .3 K have been monitored only exceptionally after a

big seasonal temperature change in the halls.

©3.2.2 Windows

The beam isgfraversing the counter through circular
windows with a diameter of 100 mm and a thickness of 0.4 mm made of
aluminium alloy (norm AFNOR = AZ5GU). These membranes are hydro-
formed in hard state to reach a radius corresponding to the equi-
librium sphere for the elastic limit of their material. Samples
have undergone a life test of 2000 cycles with 1 to 45 bérs ex—
cursions and a rise time of 0.1 s. The tightness is obtained with
all metallic contacts of the membranes on bolted flanges machined

with toroidal surfaces.

The eight optical windows are made of quartz cylindres
with 45 mm diametre and 10 mm thickness. Their ring frame is made
of stainless steel and the binding is obtained by heating the rings
at 150°C. When the ensemble is cooled down, a layer of silver is
compressed and produces a perfect sealing. A destructive test was

made whereby 300 bars were reached.
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3.2.3 Optical tower

The supporting structure holding the mirror, the chromatic
corrector and the diaphragm is an isostatic triangular assembly of
tubes bolted on spherical cups. The tower is straight to within
+ .2 mm over 4.5 m and has a static sag of .1 mm. It is supported by a
sphere under the diaphragme and is fixed without constraint to the
pressure vessel so that pressure or temperature variations do not
affect the optical axis. The ring diaphragme is located at the
upstream end of the tower. The mirror frame, fixed at the
downstream end, provides for mirror aligmment in both radial and
longitudinal directions. The chromatic corrector rests on the first
intermediate ring of the tower and can also be aligned in three

directions.

3.2.4 Ring diaphragm

The diaphragme is composed of a disc with 8 elongated
apertures and 8 outer and 8 inner segments moved by right-left
screw drive. The segments are bolted on high precision guided
chariots. The 8 screw drives are provided with pinions and are
turned simultaneously by a gear mounted on ball bearings in a
vee-groove on the periphery of the disc (see Fig. 17). Tﬁe
opening can be varied between 0.03 mm and 20 mm in steps of
0.01 mm with a motor located externally to the vessel. A final
check of the circularity of the aperture performed on.an optical

turntable shows radial deviations of less than 0.02 mm.

3.2.5 Alignment table

The fine alignment of the optical axis with the beam axis
is made by rotating the whole counter. To provide for this motion
the pressure vessel is supported on three points : one sphere
located under the diaphragme and two spheres whose bases are resting
on a vee-shaped surface. The alignment mechanism made of casted
aluminium has two chariots moved by right-left screw drive, opening

the vee-surface. The motion of these chariots in opposite direction
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produces a vertical displacement whereas a motion in the same
direction (horizontal displacement) is provided by another screw

drive.

These fine displacements in H and V directions with a

step resolution of 0.0l mm provide an angular positioning within

4 yrad.
TABLE 1III
Mechanical parameter list
Overall
length 6200 mm
width 920 mm
height 2690 mm
weight 2.4 ¢
Beam windows
material Aluminium alloy
diameter 100 mm
thickness 0.4 mm
Optical tower
length 4500 mm
sag due to gravity .1 mm
thermal, expansion .05 mm/K
Diaphragme o
azimuthal opening 8 x 42.6
radial opening (LD) O to 20 mm
opening accuracy .01 mm
Alignment table
X, y range -4.3 to +4.3 mm
Ax, Ay accuracy .01 mm

angular resolution 2.3 yrad



3.3 Gas controls

In order to achieve the best mass resolution, the index of re-
fraction must be uniform in the whole radiator and stable during
the period of data taking. The first condition requires an excellent
uniformity of temperature which is obtained by the means explained
in parag. 3.2.1 above, but it does not imply that this average tempera-
ture has to be kept constant in time. The second condition requires
a perfect tightness of the vessel and/or an easy way of restoring the
wanted index of refraction, by tuning the pressure to follow the

volume variations of the vessel due to temperature changes.

3.3.1 Measurement of the index of refraction

The variations of the index of refraction must be kept,

say, ten times smaller than the ultimate resolution , in

order to match the quality of the optical system. One therefore

aims at keeping the index of refraction within %E < 10—7. Although
it is possible to build a refractometer with this resolution (see
Ref. 4), it was not feclt desirable to have refractometers of that
quality and complexity attached to each of the twelve CEDAR counters
operating in the SPS areas. It was instead chosen to monitor the

density of the gas through pressure and temperature. Indeed tlie

index of refraction can be deduced from the density since & unique

gas is used with each type of counter.

The index of refraction of a gas can be expressed in

terms of electron oscillators as :

2
n-1-= ﬁf_gf_,_ S ‘ "k
2 e m Lt 2 2 . , (18)
o] K wk - w + 1 ka

where N 1is the number of atoms per unit volume, see Ref. 5.
Clearly n - 1 is proportional to the gas density and, using the

perfect gas equation, this can read :

n-1=(no-1)(%—§) L (19)
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where P and T are the actual pressure and temperature and

n, is measured at Po = 1 bar and To = 293 K.

The error propagation obtained by differentiation of Equ. 19

reads :

An _ (n-1) AP _AT
n n [; T ] : (20)

n-172 1
3000
P and T 1is 3000 times less than the accuracy requested to measure

Since , (see Table IV), the accuracy needed to monitor

directly n .

Tolerances on n , P and T corresponding to the wanted reso-

lutions are listed in Table IV below.
TABLE IV

Tolerances and accuracies for gaseous state

CEDAR 9 n Ultimate Corresponding accuracies
type rad n-1 separation
(mrad) B /B) AB /B An/n AP/P | AT
sep
W 30.9 | 2095 5x 107°% |5x 1077 |5x 107 1072 0.3 ¥
N 25.8 | 3005 1076 1077 107/ 3x 1074 0.1 K

In practice the measurement of the temperature is straight-
foreward but the precautions explained en Chapter 3.2. are needed
to obtain a uniformity of temperature along the vessel. To measure
the pressure a precise instrument is required, which is calibrated

in the laboratory with a reference refractometer.

The slight contamination of the gasses (N2 or He), due to leaks
of the windows or coming from outgassing of the counter vessel can

be dealt with.
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3.3.2 Gas pressure monitoring and absolute calibration

The heart of the pressure control is a very accurate
pressure transducer6) which provides an electrical wave form with a
stability of 10_4 and whose frequency is related to the pressure

of the gas (so that a measurement of pressure is reduced to a
measurement of a frequency). The principle of operation of 'these
transducers is briefly illustrated below. The sensing elements

consist of two concentric cylinders, a vibrating inner one and a
protective outer one. A spool body intermal to the inner cylinder

holds small electromagnets which drive the vibrating cylinder and
pick-ups to detect its motion and frequency. The space between the

two cylinders is evacuated to give an absolute pressure reference.

The volume between the inmer cylinder and the spool body is pressurized
with the gas to be measured and this causes the cylinder natural fre-
quency to increase. The frequency is detected by the pick-up which

provide a square wave voltage whose frequency is proportional to

the pressure of the gas.

The whole transducer is thermostatized at 40 i_O.SOC

in order to avoid the frequency swing due to external temperature.

7
7) by means of a

Each pressure transducer is calibrated
Rayleigh-type refractometer in the laboratory. For each pressure
point the index of refraction is established by counting the
fringes for the optical path difference between an evécuated cell
and a cell filled with the gas for which pressure and temperature
are recorded simultaneously. A typical number of fringes is ten

thousands and the high accuracy is obtained by sharp interpolation

by means of an array of sixteen light diodes.

The frequency response of the Hamilton transducer 1is

not linear in pressure and a fit is made for each trans-

7)

ducer of a polynomial with six parameters ’.
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3.3.3 Gas handling

Each CEDAR is connected to the gas supply network of
nitrogen or helium, where a pressure of 20 bar is available. On the
0.5

feeding line the pressure is automatically kept at a value P + <

with a spring biased pressure regulator. Similarly a pressure of

P0 0.5 is maintained on the outlet branch so that equal quan-—

tities of gas can be let in or out by activating on/off valves for

a controlled time. In this way the gas pressure can easily be computer
controlled. A gas expansion of less than 0.5/P at the inlet is impor-
tant to keep the temperature uniformity needed for the best resolution

(see parag. 5.3,vi).
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LAY-OUT, ELECTRONICS AND COMPUTER CONTROLS

4.1 Lay—-out

The angular acceptance of CEDAR counters is very small
when the light diaphragm is closed to insure best separation.
Therefore the SPS beam have been designed with a very parallel
section (large beam dimensions and small divergence in both H and
V-planes) for the installation of CEDAR'counters, in order to

optimize the counting efficiency.

One or two CEDAR counters can be installed in such sections

and the basic lay-out, shown in Fig. 18, consists of

- 2 scintillation counters XTRI 1, XTRI 2 (¢§ 100 mm, 5 mm thick
NE 110),
- 1 anticounter XANT (with a circular hole of ¢ 100 mm) in front
of each CEDAR,
8)

- 1 two-plane (horizontal and vertical) analog wire chamber XWCA ~,

- 2 pairs of filament scintillation countersg) XFS.

The two XTRI are used in coincidence to define the useful
beam region. The counters XANT are used to veto halo particles
which travel outside the useful beam (their use i1s recommended when
working at beam intensities of 5 X 106 or more). The wire chambers
XWCA are used to measure the beam position and size at the CEDAR
during the tuning of the beam. The two pairs of XFS (horizontal and
vertical filament beam scanners) are finally used to adjust the

9

beam direction and parallelism, by operating them in coincidence

The trigger counters, the wire chamber and the scintil-
lator filaments of the XFS's must be taken out of the beam during

data taking, (remote control).

4.2 Electronics for signal treatment

The block diagram of the electronics associated to each

CEDAR is shown in Fig. 19.

The signals from the 8 photomultipliers are first shaped
by fast discriminators operated at low threshold to detect one

single photoelectron, and then split into two ways.



One way is sent to a majority state logic unit where
three levels of coincidence (6, 7 and 8-fold) are provided and sent
to the experimenters, usually in anticoincidence with the XANT

signal.

A parallel output of the discriminators is used for the
diagnostics of the instrument. The signals of each photomultiplier
are sent to a strobed coincidence unit and recorded on 8 scalers.
When the two XTRI trigger counters are introduced in the beam,
their coincidence signal is used as strobe input, the counts read
in the 8 scalers give information on the efficiency of each photo-
multiplier and on the size and position of the light ring image at
the diaphragm plane. A

To complete the CEDAR diagnostics, the counts of the 6, 7
and 8-fold majorities are also recorded ; tﬁey are used to evaluate
the average number of photoelectrons NPE seen by the photomultipliers,
(NPE is deduced from the ratio of the rates counted at the three
levels of coincidence, see Appendix A), and to measure the mass
spectra and the rejection of unwanted particles while scanning the

CEDAR gas pressure.

4.3 Computer controls

All CEDAR counters installed in the SPS secondary beams
can be operated simultaneously from the EA computer terminals
installed in the experiments counting rooms via a set of control

and diagnostic programmes.

A series of interacting programmes has been written to help
in tuning and operating each CEDAR. They can be run under the TREE
associated to the beam line in use. The sequence and the several

options are listed below :

$TRUNK} -—-/-—-/-—-/DETECTORS///--—/BACK : DET

ot Ao YAy Sy — / : CEDAR
4CEDARE STATUS/SETUP/TUNE /MEASURE--~-~/BACK
F
EFFICTENCY
SCAN
PRESS
MASS
DIAPHRAGM
ALTGNMENT

TRIGGERS
PMS
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A description of the subroutines is given in the following. The algo-

rithm used is as collected in Appendices A and B.

STATUS : 1is an acquisition programme which reads and displays the
parameters of the detector useful to its control and operation. A typical

example of its write-out is shown.

‘2 FETECT & CEDAR/THRESH/R¥PL/FISC/TRIG/SPECTR/BTRIG/HODOSC/SPILL/ERET /. CELGR

CER&E 1K THIE B 2
HUREER .

£ CEDRR & STRTUS/SETUR/TUNE/BEASUREZ 777 7BRCK: S

STATUS 0F & CEDBRR - 1 F IH BEAH HE AT -158 GEY/E 1252-94-00-2100

e

e

kcas TEMPS%:gives the gas temperature in three sections
of the vessel; their average value is used with the gas pressure to

evaluate the actuel index of refraction of the radiator.

The body temperature of the pressure transducer (Section 3.3)
is also given. A warning message is issued in case of abnormal value since

in that condition the transducer information is wrong.
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#?RESS AND MASSH gives the actuel average gas pressure and the value

of the mass on which the detector is presently tuned.

#MASS-PRESS#=gives the gas pressures which should be used, accordingly
with the actual gas temperature, to tune the CEDAR on the masses of e,

#, ", k and p for the current beam momentum.

{MOTOR POS%‘ gives the light diaphragm opening and the position (hori-

zontal and vertical) of the alignment table.

H#TRIGGER POS%= checks the position of the triggers in the beam and if
their high voltage is ON or OFF, ‘without modifying any of these para-

meters.

%PMS%: evaluates the 6, 7, 8-fold efficiencies from the measured average
number of photoelectrons per PM (NPE) -Appendix A= .and from the

beam intensity (TRIGGERS).

SETUP reads and displays the parameters (delay and PM high vol-

tage) of the triggers associated to the CEDAR (TR) and those of the

CEDAR itself (PMS). Both subroutines allow to switch OFF the PM's H.V.
or to restore them to the reference values. The TR branch also permits
to take the triggers out of “the beam, when the CEDAR is ready for data

taking.



$5E1UFE TRIGGERS/FRS/ - T

TRIGRERS OF CERAR - | & 1K BERH HE AT -158 CEY/C 1552-#4-28-21. 16

TRIGGERS £ EART THER IR BERE (1780

ESETUPE TRIGGERS/PHS/ . PHS

FRS CEDAR - 1 & IN EERR He AT -138& GEY Shz-a4-28-210 1
FEE R R R R R AR SRR R SRR R R R R R R R R R R H

§ TRIGGERS POS. £ TREIGEERS RREE IH
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¥ CEDAR PHS & RESTORE/ZERURY (R72).
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TUNE is an active programme by which allows to tune the CEDAR through

the routines :
PRESS/MASS/DIAPHRAGM/ALIGNMENT

- PRESS : The current gas pressure is measured, then a different
value in the permitted range can be requested. The new value is
measured at the end of the operation. The write—out is self-
explanatory.

- MASS : The mass which could be detected with the current value
of the index of refraction is evaluated (Appendix B) together with
its uncertainty, then a new value can be asked for. The write-—out

is similar to PRESS.
- DIAPHRAGM : Same as for previous routines.

- ALIGMENT : Allows to align the optical axis of the detector on
the average beam direction. This is achieved by using the XY align-
ment table (Section 3.2.5) which supports the downstream end of the
counter. The range of displacement of the XY table is + 4.5 mm with
an accuracy of 0.02 mm in both directions, which allows to move the
CEDAR optical axis inside a cone of 1 mrad semi-aperture with an
accuracy of 4 urad to get the best matching with the beam direction.

A typical print-out of this routine is shown below.

ALIGRHENT CEDGR - 1 - TN BEgK HE AT -158 GEV/C 1932-84-28-21.23
*t#tt?ttttttiitttttttttittttttt#tttttttttt#ttttt#xt#ttittt#tixt#trttt#tt
# TEIGGERS FOS. § TRIGCGERS REE IH

FRESE=18.3278 [EAR) 463 4/- BRI OIGEV)
TRIGSERS = 2 83f¢ RFE/PH= 228
BIAPHERGE = [R#]
ROE % = [ER]
YEET Y = [H5]
1 OPH/TRD &
tiisyisis © o EEEfieiiy
& ERTE } (3
74z 24 Z El= E] R
S 22 3 7= 188 (13 3iE
3 a4 14 4 £5
. (I

©

FHOHRT &1L TPUBIUT Z2ure rees



First, the two triggers are positioned in the beam and the actuel

status of the detector is given (gas pressure and motor positiomns).

The counting rate of the eight PM's, normalized to the beam in-
tensity (TRIGGERS) are then displayed from 1 to 8 following their position

on the counter (beam entering the screen).

The ratios

are shown in the central part, while in the right part of the screen the
eight counting rates are grouped (R = 2 + 3, etc.) and normalized to the

average of them all-
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LIGNMENT CEDAR - 1 - IN BERM HZ AT 280 GEV/C 1781-09-25-11:59
%**************x******xxxx*xx**xxxxxxxxxxxxxxx****%*xxxxxxxxx**xx;x*xx**
B 35 35 1 CEDAR #1 H2 250 GEV % TRIG= 3.94E5 % 2 PH/HERN =
778 702 U/ =293 R/A =101 HPE/FH= .78 85
A &4 5 3 X = -84y = 2.79xDIR = .29 (MM] 141 143
§ % 16 & M= 932 [EIV] - - P= 10,4131 (PAR 22
D S S S g g e S e L e e e e T e e res
& 67 & 1 CEDAR #1 HZ 280 GEV x TRIG= 3,79E5 * 2 PH/MEAN %
777 732 U0 =179 R/A=1.03 NPE/PH= 1,31 113
5 5% 623 X = -.B&xY = 2.90xDIA = .27 [MM] 109 13 .
5 30 &5 & M= 932 [GEY] - 2- P= 10,4131 [PAR] ’ 63
X H A XTI RE R RARRREF R F AR Y HFF X F TR R HRE PR RFLEREREF AL LN
8 77 73 1 CEDAR #t HY 280 GEV x TRIG= 1,785 + 2 PH/HEAN #
7748 732 UMD =1.3% R/A=1.12 NPE/FH= 1,66 112
6 52 703 X= -.84xY = 2.954DIR = .29 [HH] ?5 107
§ & & & = 932 [GEVI - I--F= 10, w11‘ [BAR] B4
FRERE XTI RIRETE IR LA FR LI RE R AR IR R AT R R IA LR LR HLRAR
8 76 76 1  CEDAR #1 H2 280 GEV x TRIG= 3,74E4 % 2 PH/HERN *
772 732 0/D0 =112 R/ =110 NPE/FH= 1.89 109
6 56 673 X= -.BaxY = 2.99xDIf = .29 [HH] 71 161
5 461 76 & K= ?3” [GEVY - 4- P= 10,4131 (PAR] 57
T FH R XX XTI XF K ERHRFNF X H AT LI H R E RN HE N LR H AR
8 79 77 1  CEDAR #1 H2 250 GEV ¢ TRIG= 3.07E8 % 2 PH/HEAN *
775 2 WDh=1.12 R/ =108 NPE/FH= 1,72 108
6 59 703  X= -.8%Y= J.01x0I8 = .29 (K41 91 101
5 62 76 & M= 932 [GEV] - 5- P= 10.4121 [PAR] %6
FEXFHAFR XX RREXRHENFHIFREXFRF AR RF R IR IR TR IR E SRR RX AR

¥ 8 79 78 1 CEDAR #1 H2 280 GEV x TRIG= 3,D1E6 ¥ 2 PH/KEAN *
773 752 WD= .99 R/ =1.06 NPE/PH= 2.12 104..
6 &8 723 X= -84y = I0EDIR = 29 [HM] 71 98
5 75 82 & M= 932 (6EV] - 4- P= 10,4131 [PAR] 104
EREE XK R LR R IR KRR TR R R R RN RS X N RN R KX AN F AR
8 79 77 1 CEDAR #1 HZ 250 GEY x TRIG= 1,4508 x 2 PH/AHEAN %
775 2 uWb= L= t/Fh= 2 103
570 3 = - 3 £ 93
5 77 81 4 10§
FEXFEXXX L RE AT FRFRELEIXHAR
8 77 7/ 1 CEDAR #1 HZ LJD GEY # % 2 FH/REAN *
773 732 U0 = .93 RA =102 10%
& &7 713 X= -.87%Y = 1.05840IA 73 84

5 76-82 & M= 932 [GEVY - 8- P= 1D, 105

MEASURE allows to measure the CEDAR efficiency and to perform a pressure

scan (SC) to better define the right working point.

- EFFICIENCY displays the measured 6, 7, 8-fold counting rates
normalized to the beam total intensity (TRIGGER); the related

efficiencies evaluated as described in Appendix A are then shown.
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- SCAN offers the choice between a pressure scan or a light

diaphragm scan at a given gas pressure.

P-SCAN is a programme which performs a gas pressure scan between two
given limits and with a given number of steps. After every step the six,
seven and eight-fold majorities are acquired but the display is given

only when the required statistics (TRIG) has been reached.

The number of photoelectrons NPE per PM is evaluated from the three
majorities (see Appendix A) and it is quoted together with the ratio R
between the two results for NPE which should be Vv 1 in case of good

statistics.

A typical print-out is shown in the following, where the gas
pressure scan has been performed decreasing the CEDAR pressure in order
to perturb as little as possible the thermal equlibrium of the gas. The

.. . + +
scan limits have been chosen in order to locate the K and T peaks.
The slight differencies between the pressure values corresponding
to the peaks and the theoretically predicted ones are due to changes in
the gas purity and can be duly corrected.

A

SORH FROM 10,2755 TO 10,25 [EARI  1981-09-2%-16:4%

1IN BEAH H2 S .
i = 2% TEMD 50 GEV/C STEP= -1,75 [HRARY
R RO R R R R R X8
HEAS PRESS TRIG  NPE/PH R -——— HRJORITIES-———-— CY(LE
#  [BAR] 4-FOLD  7-FOLD  8-FOLD i
1 10,2762 S5.01E% 1.90 1.04 §.58E-2  3.70E-2  L.eDE-2 1
2 10,2748 4,934  2.00 1.06 5,432 3.74E-2 0 L7321
3 10,2731 6,144 2,00 1.06 5.56E-2  3.81E-2  1.74E-2 1
4 10,2714 5.06E4 2,07 1.06 5.686-2  4,00E-2 1,94E-2 1
§ 10,2704 5.08E4 2,03 1.04 §.756-2  4.14E-2 19262 1
6 10,269 §.1CE4 2,10 1.08 §,63-2  4.11E-2 20182 1
P { 7 10.2676 4.794 2,10 1.0% §.79E-2  4.,238-2 20782 1
B 10,2662 4,974 2,11 1.08 §,816-2  4,278-2 2102 22
9 10,2452 4.88E4 2.0 1.0% §.91E-2 4,232 1.98E-2 1
10 10,2642 4.8764 1,97 1.03 6,08E-2  4,28E-2 L.91E-2 1 -
11 10.242§ 4.78E¢  2.08  1.04 5,78E-2  3.98E-2  1.8E-2 1
12. 10,2611 4.87e%  1.91 1.06 §.84E-2  3.91E-2 L7201
13 10,26 4.91E&  1.86 1.0% §, 7762 1.72E-2 L8782 1
1¢ 10,2883 §.01E% 1,84 1.07 §,266-2 1.28E-2 LMGE-2 1
15 10,257 5.028%  1.74  1.07 §.496-2  I,29E-2  1.29E-2 1

EXR R E X R X X X XX X X F R RN R R IR AR
(: F:> = l<: + f:21<2 Li i)

PRESSURE Schv
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LD-SCAN 1is a programme which scans the light diaphragm opening while
sitting on a fixed gas pressure, thus operating the counter like a

threshold one.

The display is the same as from the pressure scanning subroutine
and it can be used to determine the maximum opening for the light
diaphragm to avoid counting unwanted particles while allowing the best

possible efficiency.

A typical write-out is given below where the light diaphragm of the
CEDAR sitting on K's is opened step by step until light from 7's and

finally from p's can be registered by the PM's.
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PRACTICAL OPERATION
— 2 VT BRALLIUN

When a new experiment is setting up, EA experts help putting
the CEDAR(s) in condition to operate and at the same time instruct

the users how to do it themselves.

5.1 Particle separation and CEDAR resolution

The separation in millimeters of Cerenkov light rings at the
light diaphragm is shown as a function of the beam momentum and for
various particles in Figures 20 and 21. 1Ip order to get a good
particle identification, this separation must be larger than the
width of the light rings for which the two main contributions are

also shown in Figs 20, 21.

Example : for a CEDAR-N set on kaons at 200 GeV/c one reads from
Fig. 21 a light spot of 46 ym, a multiple scattering effect of
85 um and a distance to the pion ring of 400 um so that a LD

opening between 200 um and 400 ym would be adequate.

Closing the light diaphragm gives a better rejection of the
unwanted particles but a worse efficiency of counting the good

>

ones, especially, in presence of beam divergence.

5.2 Efficiency

Counting efficiencies depend upon various tactors : status of
optics and of photomultipliers, LD opening, gas pressure and beam
momentum, angle of the particle trajectory (due to beam divergence
and CEDAR alignment), and choice of the coincidence levels 6, 7 or
8-folds. The average number of photoelectrons, NPE, seen by a
PM is related to the counting efficiencies by the relation given in
Appendix A and shown on Fig. 8. The 6-fold reaches a high efficiency
already with NPE = 2, whereas the 8-fold hardly goes beyond éO VA
for NPE < 3. Typical numbers of Photoelectrons are between 2.5 and
3 for a CEDAR-N and between 3 and 3.5 for a CEDAR-W, with LD wide open.
Past experience indicates that the 6-fold has a rejection power
gooa enough for pPractically all applications encountered so far

(one exception is documented in parag. 5.6),
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The average efficiency is also dropping when the beam diver-
gence is larger than the angular acceptance of the counter, given by the
LD setting divided by the focal length. At very high energy, where
one might have to close the LD to 0.1 mm the acceptance is
0.1 mm/3.88 m = 26 urad for a CEDAR-N. Keeping a beam parallel to
this level of precision requires & lot of attention. In the best case
there will always be some tail in the divergence distribution for

which the counting efficiency is lower.

As an indication of the efficiencies one can reach in practice,
we give in Table VI the measured values obtained in an experiment
which measured absolute values of target yields 0) with
400 GeV/c protons. The 12 beam had been carefully optimized for

those CEDAR measurements.

TABLE VI

Efficiency of CEDARs as measured in Ref. 10.

’:n c1 c2
ergy, P T “Number . Namber
polarity T 1D Efficiency of points 1D Efficiency of points
(Gev/c) (GeV/c) (mm) (%) (mm) (%)
0 0.62 | 85.2 + 0.6 3 0.62 | 66.6 + 0.6 3
-60 0.5 2.52 | 96.6 + 0.3 3 2.52 | 93.7 + 0.15 3
+60 g_s 2.52 | 96.9 : 0.3 6 2.52 | 040 + 0.5 6
0
-120 0.3 1.24 | 95.7 + 0.18 9 1.24 | 92.5 + 0.23 9
' 0.5
0
+120 0.3 1.24 | 94.85 + 0.27 9 1.24 | 91.13+ 0.54 9
0.5 '
0 0.23 | 80.0 + 1.8 3 0.23 | 69.5 + 1.5 3
~200 0.5 0.23 | 66.2 + 2.0 3 0.23 | 71.8 + 3.3 3
0 0.25 | 78.34+ 0.5 3
+200 S 0.31 | 86.71 + 1.3 3 Ol IEASP AR :
0 0.13 | 58.2 =+ 0.3 3 0.13 | 50.6 + 0.4 3
-300 0.5 0.13 | 56.2 + 1.5 3 0.13 | 48.9 + 1.5 3
+300 0.5 0.13 | 64.5 + 1.0 3 0.13 | 56.5 ¢ 0.5 3
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Procedure for tuning and setting-up a CEDAR

The parallelism of the beam must be tuned to provide a beam

divergence smaller than the counter acceptance, see para. 5.2.

In order to insure an easier operation of the trigger counters
and of the CEDAR during the tuning, better keep the beam
intensity below, say, 106/5 by collimating the beam size without

altering the beam divergence at the CEDAR.

Print the STATUS of the CEDAR to check its current pressure,
temperatures, etc. and to read the nominal values of pressure
corresponding to the different particles. Then set the pressure
for the most abundant particle (protons in a positive beam,

pions in a negative one).

Open the diaphragme (LD = 20 mm), using the programme ALIGN,

to measure NPE and to check that all PM's are efficient

the ratios PM/trigger should all be about 90 %, (if the beam

energy is high enough so that all the light rings of 7, k and
p are falling inside the diaphragme opening (Figs 20 and 21).
The ratios of PMrefficiencies right/left (R/L) and top/bottom

;},)
(T/B) obtained with the open diaphragm are to be kept as reference.

Align the CEDAR in the beam in order to optimize its perfor-

mances. This is achieved by trying to reproduce the same

values of R/L and T/B after a reduction of the diaphragme
opening. Better take a few steps to go to the wanted LD, since
the alignment gets more and more tricky with smaller diaphragmes!
The real optimum is reached when the values R/L and T/B are

the same as for the wide open diaphragme (point iv) above) and
the NPE is simultaneously at a maximum. One should not worry if

the efficiencies of the right and left PM's (2, 3, 6, 7) are not

\
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the same as the efficiencies of the top and bottom ones (1, 4,
5, 8), this could be due to different beam divergences in the
horizontal and vertical planes. But if the overall efficiency
is well below what would expected for the particle on which
the alignment is done something more fundamental should be

checked like the pressure.

The nominal pressures given by the programmes might be slightly
wrong due to a gas pollution by air or vessel outgassing. A

pressure scan is the best way to check the correct pressure

setting. This %s a lengthy procedure if one intends to go

through several particles peaks, because at low momentum the

big change of pressure is time consuming, and at high momentum

the good resolution can only be achieved with a perfect thermal
equilibrium in the gas radiator. When the vessel pressure is
increased by a gas inlet there is an overall adiabatic temperature
increase plus a local inlet of cool gas (expansion at the

valve). The latter effect is dangerous because of the long time
constant (about one hour) needed to reach thermal equilibrium,
which is due to the length of the counter. But when a gas

outlet is made, there is only a general decrease of temperature
followed by an equilibrium reached with a time constant of ¥
15 seconds. Therefore, with AP = - 3 mbar between points an
accuracy ofll mbar would be reached only if one waits 15 s before
each mesurement. A scan done at a higher spéed will neither reach

the ultimate resolution (best dip between peaks) nor give the

exact pressure to 1 mbar accuracy).

In summary a pressure scan should be done by decreasing the
pressure, with an LD setting smaller or equal to the distance
from the nearest particle peak (see Figs 20 and 21) and with a
number of points large enough to get a small AP between two
measured points. Points are currently measured every two cycles

of the SPS with a time interval of typically 24 s.
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As an example Figs 20 and 21 show a pressure scan around the
m and k peaks, made with two different values of LD. Only
the 6-fold majority signal is plotted since it is most in

use, except for some special cases (see parag. 5.6).

vii) Fine tuning of the LD. If the particle separation is not

sufficient, close slightly the LD and make another pressure
scan. If instead it 1s more than sufficient, but for some
reason, especially large beam divergence at the CEDAR, the
efficiency is low, then a LD-scan will prove useful to opti-
mize the LD value. Set the pressure on the selected particle
peak (measured as in point vi) and then ask a LD-SCAN from say
0.05 mm to twice or three times the particle separation. The
output, when conveniently plotted (see Fig. 24), will give a
hint on efficiency and rejection of the CEDAR at any LD setting.
In fact, the wide LD setting of Fig. 23 has been decided

after doing first the pressure scan with smaller LD, also
shown in Fig. 22, and then the LD scan shown in Fig. 24. In
this particular case the beam divergence was 50 prad FWHM in

the vertical plane and 120 yrad in the horizontal plane.

5.4 Monitoring the CEDAR stability

The monitoring of the index of refraction is a bit more
delicate since it does not depend only upon prcssurc; but also upon
temperature (in fact, upon P/T, see parag. 3.3.1). The programme MASS
is meant to help there : just keep the wanted mass and restore

it using the programme if the value has shifted.

When operating at the utmost resolution, it is necessary to
make a pressure scan to check the centre of the peak as indicated
in parag. 5.3 vi) above. The gas pnressure at the centre of the peak
corresponds to a value of mass (read via the MASS or SfATUS programmes)
slightly off the known particle mass, because the gas purity is never

perfect. This fictitious mass value is to be kept during data taking.
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5.5 Operation at high beam intensity

CEDAR's set on minority particles have been operated satisfac-
torily in beams with total intensities exceeding 5 x 107 particles/second.
As mentioned in parag. 5.1 such intensities are often achieved by
sacrifying somewhat the beam parallelism at the CEDAR, so that the
counting rate of the individual PM's can be much larger than the
rate of the wanted particles. Even under those conditions the PM's

do tolerate single counting rates of 107 counts per second. The

divergence.

5.6 Selection of electrons and muons

Electrons and muons are often used for calibration purposes,

in hadron beams.

A CEDAR-N can separate electrons from pions up to 60 GeV/ec -
but then the use of the 8-fold coincidence is necessary, see
Fig. 25. At lower energies, of Ccourse, the separation becomes
easier, one may use the 6-fold and also g CEDAR-W. Figures 20 and

. . . i .
21 will help in assessing the performance at a given energy.

The same can be said for the separation of muons : Fig. 2¢
shows a CEDAR-N scan in which eleclrons, muons and pions are well

separated in a 20 GeV/c beam.
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APPENDIX A

Statistics of pattern recognition

Assuming that the number of photoelectrons detected by a photomultiplier
follows a Poisson distribution the probability of missing an event is

P, (o) = e—qb (A1)

¢

where n 1is the average number of photoelectrons, and

e‘¢¢k
P(b (k) = ’T— (A2)

is the general term of the distribution.

Of course, the efficiency of one photomultiplier which detects on
average ¢ photoelectrons is

_ _ -¢

= 1 -P (o) = 1-e . (A3)

¢
L . . .

When eight photomultipliers are looking at the same event with equal
efficiencies 1 and equal chance of not seeing it, say, € =1 - n then
the probabilities of various levels of coincidence can be seen from the

binomial cxpansion:

8 7 6_2 53 4 4 35

"N + 8)8 =n° +8n’'e +28ne” +56NnEe” +7ene +56nEe" +

28n2€6+8n€7+€8 . (AL)

The first term in the right hand side of Equ. A4 is the probability of
the eight photomultipliers flashing (eight coincidence level), ‘the next
term is for seven and only seven, the next term is the probability of
six and only six p.m. flashing, etc. So that one can write the following

probabilities for different levels of coincidence :
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8
ng = n
n, = ngt+8 n7e
ng = o+ 28 6.2 (A5)
ng = mng *+ 56 n5€3

From measured values of these coincidence levels one can deduce the

average number of photoelectrons for the wanted particles ¢ as follows:

7
g

= 1+8T1, (A6)

where I = e“¢7(1 - e—¢

), and conversely
¢ = In (1 +I) -In I . (A7)
And from Equ. A6 and A7 one has

8 .
o = 1In [1+——-————n7/n8_1]. (A8)

Similarly with ng one can write

n -
b 14814+ 028 1%, (A9)

and solving for 1 gives:

-2+ Y4 -7 (1 - ”6/”8)

I’ = 17 > (A10)

and finally, using Equ. A7 one gets

, 14
¢ = 1n [1 L 1 - ”6/”8) _ 9 J . (Al1l1)

The two values given by Equ. A8 and Equ. All are used for a consistency

check.
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APPENDIX B

Algorithm for computer control of the index of refraction

The following symbols are used :

o, P, T = density (g/cm3), pressure (bar), absolute temperature (K)
of gas

p, m = momentum (GeV/c) and rest mass (GeV) of detected particle

a = gas constant (cm3/g) for a given light wavelength

k()\) _ " " (K/bar) " n 1A " 1"

0 = Cerenkov angle

n = index of refraction of CEDAR radiator.

1. Basic relations

From the definition of Cerenkov angle, the refractive index is

1 /1 + (m/p)?
n g cos 6 cos 0 (B1)

and assuming a linear dependence of ~n on gas density we have

P

n-1 = ap = k-% (B2)

Given the angle 0* defined by the optics of the instrument we can
derive from (Bl) and (B2) the gas pressure needed to detect a par-

ticle of mass m and momentum p

i |
(— p 4 2L (w/p) > (83)

cos 0O

T
P=x

Conversely, for any set of values of p, T and P we can compute

a mass m which satisfies the relation

2
%
m = P \/; 1+ cosZG (1 + k %- (B4)
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From (B3) a lower limit for gas pressure is defined by the

condition of having Cerenkov light produced at angles © > 0

_ T _
Pmin Tk (n 1)min (B5)

1}
|
=

where (n - 1)min — % (B6)

is the minimum value (p = =) for the gas refractive index.

The relations (B3), (B4) and (B5) are evaluated in the CEDAR control

programmes taking into account the actual average gas temperature T .

Limits on mass definition from measuremen
errors on P and T

* om * om

* *
where AP and AT are the measurement errors on the gas parameters P

From (B4)

and T .

Derivation of (B4) gives
om__P (om
oT T oP

X, 2\ T * 2
om _k cos O [ p 2 k cos O P_
R e (——m )\/1 + (/e v S (m ) (87)

The mass uncertainty is then

2
kP * AP%* AT*
Am T cos 0O ( 3 +'ﬁf—> N (B8)

El@

The functions (B7) and (B8) are plotted vs particle momentum in

Figs
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3. Some numerical evaluations of the above defined quantities are
collected in the following table, assuming
T = 293.16 K (20°C)
= 300 nm.
CEDAR type W N
gas N2 He
Tk 8.44665 x 1072 | 9.59168 x 107> | K/bar ()
0 30.9 25.8 mrad
P . 1.647 10.175 bar
min
P 8 15 bar
max
-4 -4
(n-1) . 4.745 x 10 3.329 x 10
min
AP 1.6 3 mbar’
:q)
requested
AT 0.3 0.1 K accuracies (++)
*
AP + 0.5 + 1 mbar
instrumental
AT + 0.02 + 0.02 K )ETTOrS
* AT*
«®
bR+ Pmax T <+ 1 < + 2 mbar
max — —

+)
(++)

Ref.

7)

As from Table IV.
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FIGURE CAPTIONS

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

2

3

4

10

11

12

13

CEDAR counters installed in a secondary beam lines

Schematics of the optics of a differential Cerenkov

counter

Velocity difference AB/B vs momentum for various pairs

of particles with masses my and m,

Photon distribution in the plane of the diaphragm
(the shaded areas represent the diaphragm opening)
a) Good alignment

b) Broadening of the light spot due to multiple scattering
incurred by the particle along the radiator

c) Missalignment

d) Effect of the beam divergence

CEDAR efficiency as a function of beam divergence
Multiple scattering for CEDAR West (gas : N2)
Myltiple scattering for CEDAR North (gas : He)

Efficiency as a function of the average number of photo-

electrons per photomultiplier.

Chromatic corrector optics

a) Corrector of DISC optics (ref. 1)

b) Corrector with two quartz lenses

a) CEDAR optical elements enlarged to show their real

shape and located in a distorted drawing of the
optical trajectories.

b) CEDAR optics on real scale

CEDAR resolution. For both CEDAR-W and CEDAR-N the

chromaticity ARch’ and its remanent value after correction

ARcor’ are compared to the separation between pions

and kaons ARk'n and the effect of the multiple scattering
b

undergone by the beamARms

Scatter fringe interferogram taken at the functional focus

of the Mangin mirror.

Diagramme of light path for optical test of the assembled

system.
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Fig.
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Fig.

Fig.

14

15

16

18

19

20,21

22,23

24

25

27
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Effective radiator length for a hollow mirror

Photon distribution on the mirror from a particle
belonging to the edge of the beam.

Light production, transmission and detection versus
photon wave length. '

Photograph of the light diaphragme where two of the
eight sectors can be seen.

Typical layout of two CEDAR counters and associated
equipment in a beam line (H6).

Block diagram of CEDAR electronics

Radial distance in the plane of the diaphragme
between the light rings of the wanted and of various
unwanted particles, versus beam momentum. The dotted
line indicates the width of the light spot (4 0) and
the dashed line gives the contribution to the light
spot of the multiple scattering (4 0).

Fig. 20 : CEDAR-W, Fig. 21 : CEDAR-N

CEDAR-N pressure scan showing the T/k separation in

the H6 beam running at -175 GeV/c for two LD settings

0.50 mm
0.71 mm

Fig. 22, LD
Fig. 23, LD

LD scan with pressure set on the kaon mass. CEDAR-N
in beam H6 as for Figs 22 and 23. )

Pressure scan for CEDAR-N showing the separation of
electrons and pions at -60 GeV/c.

Pressure scan for CEDAR-N showing the separation of
electrons, muons and pions at +20 GeV/c.

General mechanical drawing.
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LIGHT PRODUCTION , TRANSMISSION and DETECTION

quartz absorption (12 cm)
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