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1. INTRODUCTION AND BASIC PARAMETERS

The present report has been asked for by experimenters who are preparing

proposals of experiments at the SPS. It sh0uld be considered as a progress

report on the present status of the project and not as the description of a

final object.

The aim of the project is to equip secondary beam lines with a detector

capable offlaggingparticles according to their masses, especially fl', K and B.

At the SPS two ranges of energy can be distinguished : 15 GeV/c to

150 GeV/c for hadron beams in the West Area, 60 GeV/c to 340 GeV/c for beams

in the North Area, thus driving to two different types of counters : CEDAR

type W and CEDAR type N.

We refer the reader to Ref. 1 for a careful parameter study (Our types

W and N lie respectively in—between types A and B, B and C of Ref. 1). We shall

recall hereafter the most significant relationships which inspired the choice of

the counter parameters.

V . .The Cerenkov light is emitted in a cone of semi-aperture 6 given by

1cos 6 = §_EYX7 , (1)

where B is the velocity of the particle, n the index of refraction of the gas

and A the wave length of the emitted photon.

K and N for instance should be distinguished via their velocity

difference

AB = —2__2'—" : (2)

where p, the momentum of the beam, is the same for all particles within say

Ap/p = i 1%.

The resulting angular difference

AB
A6K,n _ tan 6

% % (3)
9

would improve with lower 6 values. But on the other hand the number of photons

emitted N requires large values of 6 since¢
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N¢ W L 82 , (4)

where L is the length of the radiator.

In order to get 3 to 4 photo-electrons in each of the 8 photo-

multipliers (see Chapter 4), we came, for 8 and L, to the values listed in Table l.

The choice of gases is dictated by minimizing the multiple scattering

for CEDAR - N and keeping an acceptable pressure at low energy for CEDAR - W.

Table I Basic parameters

CEDAR - W CEDAR " N

6 ‘6Velocity resolution AB 5 ' 10‘ 10

length L 5.8 m 5.8 m

1n 5LU"U P—
l Ch I CC 4 bar,__

apressure bar

25.8 mrad

}
i

i
Radiator gas N 1 He

C angle 8 30.8 mrad 1

Since we need to collect as many photons as possible we must accept

a wide spectrum and the instrument is faced with a dramatic effect of chro—

maticity. The angular spread due to various wave lengths can be written

A6 9 (1-7—21) (5= ~——— +
ch 2v Y 8 ’ )

n(% . ) - n(X )max1 . .where 5- = ———%%§4———3—:—T— expresses the disperSion of the gas.
mean

The importance of the chromaticity is shown in Fig. l where the

values X . = 240 nm, A = 300 nm, A = 490 nm have been used, to compute A9
min mean max ch

Fortunately this effect can be corrected optically as will be shown in

Chapter 2.

In the same Fig. l the multiple scattering suffered by the particles

when traversing the CEDAR is shown : 4 <Aescat > gives an idea of the full

spot size due to this effect, to be compared with ASK n
. ,

d .an Aech
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2. OPTICS

vCorrecting the chromatic dispersion of the Cerenkov light is vital
to achieve the ultimate resolution of type N. Type W was developed very much
along the same line in order to standardize the mechanical components.

2.1. A FIXED CHROMATIC CORRECTOR

When looking at Fig. 1 one recognizes that the chromatic aberration
A8 h is rather constant over the momentum range particular to each type N or w.c
»his fact 0’)P uggests that a chromatic corrector adjusted for the highest Y might
be adequate even at the lowest momentum, which is verified when looking at
the dotted lines of Fig. l.
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Fig. 2

Fig. 2a shows a chromatic corrector designed to compensate a trans"
verse chromatic aberration without bending the monochromatic beam. This ideal
corrector can be displaced longitudinally in order to adjust the amOunt of
correction needed. The difficulty is that it requires 3 NaCl lens 1) which
no manufacturer is offering to make.

On the other hand if the idea of a fixed corrector is accepted the
consequence is that a deflection can be tolerated in the beam and therefore
a single prism should do the job (see Fig. 2b). But with cylindrical geometry
a prism means an axicon (conical lens) which is terribly difficult to polish
with the needed accuracy.
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Replacing the axicon by a lens with spherical surfaces introduces a
first order longitudinal chromatic aberration which cannot be acceptedgbut this
latter effect can be compensated by a second lens(See Fig. 2c and paragraph 2.3).

2,2. SECONDARY SPECTRUM

With either of the systems sketched in Fig. 2 it is possible
to correct the chromaticity for two wave lengths A1 and A2 , i.e. to compensate
the first order term of the dispersion. But the difference between higher
order terms will still show up and is called the ”secondary spectrum" effect;
Fig. 4 shows that SiO2 is more appropriate than NaCl and far better than a
non deflecting combination of SiO2 and Nacl prisms.

Note that the abcissa in Fig. 4 is a distorted scale for X , which
Jshows bins with equal Cerenkov light production (N l/Xz), in order to demonstrate

the real importance of the secondary spectrum effect in broadening the final
spot.

2.3. MANGIN MIRROR

In order to suppress the longitudinal chromaticity one more element
must be introduced in the system, i.e. an additional lens, as far upstream
from the corrector as possible,so that it will act rather in quadrature with
it on the longitudinal and transverse chromaticitiesz). The best location
is at the mirror which is then of the Mangin type since the first surface is
refracting and the second reflecting.

For any given curvature radius of the reflecting surface (which
primarily determines the focal length of the system), a combination of radii
for the first surface of the mirror and the curved surface of the corrector
can be found which eliminates, to first order, both types of chromaticity.
This sort of optics is shown in Fig. 3. A careful computer analysis has demons-
trated that the spherical aberrations and the coma are much smaller than the
residual secondary spectrum effect and therefore deserve no further attention
(see Fig. 5 and Appendix A).
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2.4. SPECTRAL WINDOW

It is evident from Fig. 6 that the secondary spectrum shows up
abruptly below 230 nm. This observation suggests that the lower part of the
spectrum should be filtered out with a sharp cut—off and the chromatic
correction shOuld be reoptimized for the reduced spectral window (see Fig. 7).

This sharp cut-off at A = 230 nm is obtained in practice with the
use of an optical filter whose absorption curve is shown in Fig. 8. The
spectral absorption of all optical elements made of Suprasil quartz from
Heraeus is also shown as well as the transmission losses by reflections and
the relative sensitivity of the selected photomultipliers.

It may seem paradoxical to make all efforts to get a high
transmission of light in the UV and then to pay the price for installing a
sharp cut-off in a region of high transparency and highest light production 3
But the dramatic influence of the secondary spectrum on the spot size must
be prevented by all means. Note that these filters are put in optical contact
with oil onto the exit windows and can be taken off if one is prepared to
trade resolution for efficiency.

2.5. TOLERANCES

The computer program CEDAR 1, described in Appendix A, which allows us to
compute exact trajectories of a bunch of photons can be used to establish the
tolerances on the various curvature radii and on the mechanical positioning
of the elements. The programme has been asked also to accept off-centered
and tilted lenses. In these cases one assumes that the counter as a whole
is realigned in the beam so as to compensate the lateral displacement of
the ring focus. Table II gives the tolerances so established, each of them
corresponding to 10% increase of the spot size observed without multiple
scattering.
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Table II : Geometrical tolerances for optical elements of CEDAR W

Nominal value Tolerance

mirror radius of curvature - reflecting surface 8610 mm 26 mm

- refracting surface 6615 mm 20 mm

position ~ distance mirror-diaphragm 4500 mm 2 mm

- lateral displacement O 2 mm

- tilt O 2 mrad

corrector radius of curvature 1385 mm 7 mm

position - longitudinal displacement O 2 mm

* lateral displacement O 2 mm

- tilt O 2 mrad

The specification of quartz homogeneity, the tolerances on the

spherical surfaces and the acceptance tests for the optical elements have been

proposed by Dr.R. Wilson and can be found in Ref. 3.

3. MECHANICAL SET—UP

The overall arrangement of the counter is shown in Fig. 9. One sees

the vessel, its alignment system, the internal structure holding the mirror,

the corrector and the diaphragm.

3.1. COUNTER VESSEL

The vessel is constructed of a seamless steel tube welded to two

rigid square end flanges closed with two dome-shaped end caps. These end

caps have a 0.6 mm window of aluminium sheet. The dimensions of the ensemble

can be gathered from Fig. 9.

The vessel is supported kinematically at 3 points i one sphere is

placed 5-mm from the plane of the diaphragm on the lower surface of the square

flange, the two other points are placed at the other end flange and they are

supported by a remotely controlled alignment mechanism for the angular adjust-

ment of the optical axis with respect to the beam line.



The alignment mechanism is composed of two tapered blocks on which
a spherical cup with a disc of balls takes up the contact with the vessel.
The blocks are moved symmetrically about the centre line by means of a right
and left hand screw drive turned via a gear train by an electric motor, The
total vertical travel is i 5 mm. The tapered blocks support is also guided
in roller rails and can be moved in the horizontal plane (i 5 mm).

The resolution of these transverse displacements is better than

0.02 mm which makes it possible to tune the optical axis within 4 brad. Fig. lO
gives the ensemble view of this very precise alignment table.

3.2. THERMAL BEHAVIOUR

In order to achieve the ultimate resolution AB = lOTBthe index of re“
fraction of the radiator must stay within, say, An = lO—7which corresponds to a
variation of density Ap/p = 3'10”: i.e. AT = 0.1 K. This means that under
no circumstances should the temperature of the vessel be different, from one
end to the other, by more than AT = 0.1 K, since the gas is following closely
the temperature of the surrounding wall. On the other hand a constant temper
rature is not required to maintain the structure within the tolerances given
in Table II.

The problem is then to insure enough heat transfer in the longitudinal
direction, to prevent any gradient build-up.

It was considered to circulate a fluid but this seemed difficult to
implement and less reliable during operation. The current solution implies
additional passive elements (Cu and Al cylinders) to increase the longitu~
dinal conduction. The vessel is then well insulated with a complete envelope
of expanded polyurethane 100 mm thick. The thermal response of such a system

was checked by electronic simulation and found suitable since no AT > 0.1 K
were observed between the five points considered, when the ambient air temper
rature had a daily variation of r 4 K.

3.3. OPTICS MOUNTING

The supporting structure holding the mirror, chromatic corrector and
the diaphragm is an isostatic assembly of tubes bolted on spherical cups. It
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is kinematically supported on a sphere below the diaphragm, by one spring'loaded,

lateral,tilt fixture on the top of the diaphragm and by one sliding ball mounted

in a vee-guiding rail under the mirror support.

The chromatic corrector is suspended by a 3 point fixture allowing
radial or axial adjustment. As the alignment of this corrector is not so
criticai, it can be done mechanically before inserting the structure in the tank.

The mirror support is highly stabilized and provided with a 3 point

adjustment which allows i 2mm of radial and axial displacement.

3.4. DIAPHRAGM

The diaphragm is composed of a disc with 8 elongated apertures and

8 outer and 8 inner segments moved by a right-left screw drive. The segments

are bolted on small precision guided chariots driven by the screw drives.

The 8 screw drives are provided with pinions supported by ball bearings and

are turned simultaneously by a gear which in turn is mounted on ball bearings

in a veergroove on the periphery of the disc.

In order to align the segments, a gauge with precise tongues 0.5 mm

thick is placed on the diaphragm diameter and centred with respect to the
outer reference surface of the disc. By pressing the segments onto the tongues

and checking visually if complete contact is achieved, the bolts can be tighten-

ed and a circular aperture is obtained. A final check of the circularity of

the aperture can be performed on an optical turntable.

The tolerances for deviations from a theoretical circle should be

in the order of i 0.01 mm with an aperture opening of 0.2 mm.

The aperture can be adjusted between 0 and 20 mm by a motor situated

outside the vessel and the movement being transmitted through a vacuum—tight

rotating metallic feedthrough. The size of the aperture can be measured

with an accuracy of i 0,01 mm by placing an angular position transducer on

the motor driving the aperture. (See Fig. 11).



4. PATTERN RECOGNITION

Just behing the diaphragm the light is condensed and directed onto

eight photo-multipliers via eight plane quartz windows which insure the

exit of the light from the pressurized vessel (see Fig. 3). This number

can be debated : similar differential counters have been built which use

4, 6 or 8 photo-multipliers. Eight photo-multipliers are more expensive

but they offer the great advantage of various coincidence modes.

4.1. CHOICE OF PHOTO-MULTIPLIERS

. . . 4 .The choice of photo-multipliers for detecting the Cerenkov light at

a very low level (one photo~electron)is, primarily, determined by two
basic requirements

i) high quantum efficiency,

ii) spectral response extended to short wave-length (xmin % 200 nm)

together with a low dark noise.

The first point directs the choice to photo-multipliers with bialkali
photocathode, while the second one imposes an entrance window made of quartz.

In addition, for their use in the CEDAR, the photo-multipliers have
to be fast to allow both a tight time resolution (4-5 ns) and a high counting
rate (106 - lO7 particle/s).

To meet this requirement one must also make a proper choice of the HV
divider and of the signal treatment, but the upper limit of performance is
given by the tube itself (rise and fall time of the pulse and mean current
which can be drawn from the anode).

The choice has been restricted among three types

i) RCA 0 31000 M
ii) EMI 9820 QB

iii) Philips 58 DUVP/O3
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Table III summarizes the characteristics given by the manufacturers

as well as some performances meaSured in our laboratory.

On paper the RCA C 31000 M seems superior (cost apart) to the others.

Another nice feature of it is its good amplitude resolution (due to the high

gain of the first dynode made of GaP) of the peaks obtained for one, two,

three photo—electrons. This clear separation of these peaks allows an

easy optimization of the high voltage.

But the comparative test of two RCA C 31000 M and two EMI 9820 QB done
in our laboratory (see Table II) and at the CPS on a threshold Cerenkov counter.

by P. Duteil (see Fig. 12), does not show any signigicant difference between
them from the quantum efficiency point of view. Furthermore as far as the
dark noise is concerned the EMI tube is by far the best one.

We decided then to use EMI photo~multipliers.

4.2. HV DIVIDER

The HV divider must be designed carefully in order to stand the
highest possible counting rate. Since the mean current of the photo-multiplier
is limited to 0.1 mA, a bleeding current of 3 mA seems adequate. To avoid
changes in gain, a suitable system of decoupling capacitors will be provided
for the last 4 - 5 dynodes. Additional provision of a separated low voltage,
high current (10 - 20 mA) supply for the last 2 — 3 dynodes has been made.

A careful wiring of the components and a good impedance matching

must also be provided to avoid an increase in rise time, or some reflections

of the output pulse.

In order to avoid a lethal heat dissipation close to the vessel wall

(some tens of Watts), one has transferred all components dissipating heat

(resistor chains, potentiometers) outside the counter thermal envelope, leaving

only the decoupling capacitors attached to the photormultiplier base.

This solution was adopted for the CERN—NAL DISC and seems to be

working satisfactorily : no deterioration of the signal, no pick—up problems

have been raised.
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4.3 SIGNAL TREATMENT

The signals of the 8 photo-multipliers have to be shaped with fast dis-
criminators working with a threshold low enough for one single photo-electron

to be counted. Since the number of coincidences required among the photo-

multipliers affects,in the opposite way the efficiency and the rejection power

of the c0unter, various levels of coincidence will be provided and left to

the choice of the experimenter (see Fig. 13).

0 A parallel output of the discriminators is used to count the singles
of each photo-mulitier directly into 8 scalers (see Fig. 13). These scalers
can be read by the computer to check the size and the position of the ring

image in the diaphragm plane.

When a more complete diagnostic is needed two trigger counters

are introduced upstream and downstream of the CEDAR and put in coincidence

with each individual photo-multiplier (see Fig. 13). The counts read in 8

scalers will give information on each photo~multiplier and on the absolute

efficiency of the CEDAR.

All the electronics is suited for fast pulses (maximum rate 2 100 MHz)

The shaperswe plan to use is Lecroy 621 AL quadratic discriminator which has a
minimum threshold of 30 mV.‘

For the majority logic a 16 input logic unit developed at CERN

(CERN N4162) can be used.

4.4. COUNTING RATE AND TIME RESOLUTION

The counting rate is limited by the average current drawn from the
photo-multiplier, which must stay below 0.1 mA. Since a gain of, say, 2-107
is needed to get a pulse well above threshold (- 30 mV) for a single photo-
electron and since we get on average 4 photo-electrons in any photo-multiplier
per particle, one can readily deduce that the counting rate is limited to
107 particles/s . This rate might even not be reached if the counter is set
to flag the minority particles and is flooded with a high background from
the majority particles.
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The width of the photo-muliplier pulses will be adjusted to about

10 us to provide the overlapping time (2 - 3 nsec) needed to get the majority

logic unit working. On the other hand,the time filter of each photo-multiplier,

even for one single photo-electron, has been chosen to be quite small (S 2 nsec).

5. CERENKOV ANGLE

The accuracy An/n must be about ten times better than the ultimate

resolution AB/B = 10-6

Since the index of refraction is related to the density p by

n - 1 = const. 0 , (6)

one also has
MAn = const.Ap = (n - l) 6—

. m
and Since n W 1

A—WJ (II—1)? - (7)

The equation of a perfect gas can be written

_ N _ lP — V k T — k p T , (8)

so that
AD AP AT (9)

p P T

and Table IV gives the accuracy needed for the state variables of the two

types of counters.

Table IV Uniformity needed in the gas efluilibrium

Type
fi’?

Resolution 3 Accuracy Accuracy 6 n - 1 Accuracy Tolerance '

AB/B AB/B An/n mrad (x 107) ; Ap/p AT

"5 i ‘7 '7 r —a a i
5 x 10 I 5 X 10 5 x 10 31.0 4807 10 ; .3 1

—e -7 —7 . _ul
10 ’ 10 10 25.8 3329 l 3 X 10 j .l
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5.1. REFRACTOMETER

The most direct way of checking the index of refraction is by the
use of a refractometer. Such an instrument working at 15 bar with an accuracy

‘7 . .of 10 15 not easy to procure and we hope not to need one With each CEDAR
(See paragraph 5.2).

We still made plans to have one refractometer built at CERN by M. Benot,
whose expertize stems from his previous collaboration with R. Meunier. This
instrument is primarily thought to be used in the laboratory to test and
calibrate other measuring equipment, but it could also be attached directly
to a CEDAR. Some parameters of the refractometer under construction are listed
in Table V.

Table V : Parameters of the refractometer

10
-8

5 X 10
—B

10 /K

Accuracy An

Long term stability An
|/
\|
/\

V\

Thermal sensitivity An/AT

835 N2 , , He

Cerenkov angle in CEDAR 31 mrad ' 26 mrad
y range 15 to w 60 to w

3 range 0.997775 to l ' 0.999861 to 1
Index of refraction (n~1)X106 2712 to 481 477 to 338
Pressure 9.51 to 1.69 bar 14.59 to 10.34 bar

Although the refractometer provides a direct measurement of the
u .

quantity which enters in making the Cerenkov angle it should be noted that

this is true only if the temperature is the same in the refractometer

cell as in the counter radiator, within tolerances given in Table TV, which

is not straightforward.

5.2. MEASURING THE GAS DENSITY

Since we have chosen the gas to be used with each type of CEDAR

there seems to be no fundamental difficulty in replacing the mea3urement of

n by a reading of the gas density p
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One implication is, of course, that we then need to keep the purity

of the gas high enough. The vessel and the mechanics inside are designed
. —6as 15 commonly done to reach a vacuum of say 10 Torr. Plastic material, elec-

trical motors and oiled surfaces are avoided. The windows are made to stand
the vacuum as well as the high pressure,so that the vessel can be cleaned and

outgased before filling.

. . -3 .A den51ty measurement with an accuracy of 10 can be achieved

easily with a good strainguage pressure transducer and a monitoring of the
temperature inside the vessel.

But for an accuracy ten times better we had to try various systems.

i) We measured the Archimedian upthrust on a quartz bulb immersed in

the gas, with the best Mettler balance. This proved to.be accurate

enough but the balance was too sensitive to phonic noise and not
easy to transport into the halls.

ii) We studied an oscillating fork, the eigen-frequency of which was

made sensitive to the surrounding gas density. The main problem

was the high temperature coefficient.

iii) A gas density transducer NT 1794 developed by Solartron Ltd. was

found adequate. Still during the tests we discovered how important

it is that the gas in the measuring instrument should be exactly

at the same temperature as the gas in the radiator.

iv) In order to avoid this difficulty we contemplate the use of the same
kind of transducer adapted by Hamilton Standard (USA) to measure
the pressure instead of the gas density. This transducer,model
PT-2508-16D, could be located outside the thermal envelope of the

counter and would be supplemented by a temperature measurement

to deduce the density.

The chosen system, once installed on a CEDAR, will be calibrated

in the laboratory by means of the refractometer.
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5.3. GAS HANDLING

The system has two branches : one for inlet from the gas supply

container, one for outlet to the atmosphere (see Fig. 14). In order to control

the flow of gas,each branch is equiped with a spring-biased pressure regulator,

R, a remotely controlled diaphragm, D, and an on/off electromagnetic valve, V.

The pressure regulator insures that the pressure drop at the diaphragm

is equal to AP whenever the valve is on, so that the gas flow is constant for

a given opening of the diaphragm. AP is set manually by adjusting the spring

of the regulator, once for all.

The diaphragm opening is remotely adjusted for the kind of operation

foreseen, and the valve is then activated during a time interval At suitable

to send the wanted quantum of gas in or out.

The system can be controlled by computer in order to introduce an

automatic regulation of gas density, or any wanted variation in time.

6. COMPUTER ASSISTANCE

The following items are subject to control and acquisition

- x displacement of the counter
. fl CEDAR alignment in beam

- y displacement 0L the counter

- annular diaphragm opening
_ two gas inlet/outlet d1aphragms§ Gas handling

— two on/off valves

- eight HT for photo-multipliers

— llght dIOde Signal 3 adjust coincidences
- ten remotely adjustable delays

- two on/off supports for beam profile monitor and trigger counters.

A digital acquisition is provided for about twelve sealers (see

Fig. 13), a profile detector, a few temperature gauges and the pressure/

density transducer.
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6.1. CLOSED LOOPS

It is foreseen to install a permanent feedback for keeping constant

the density of the gas. This means, for instance, reading the pressure trans-

ducer and the temperature gauge, computing the pressure, dividing by the

temperature to find the density, comparing to a reference value, and then

actuating the valves for inlet or outlet of some gas.

Another closed loop which might be implemented,if it is found desir-

able, is for readjustment of the counter direction in the beam. Counting rates

of pairs of photo-multipliers could be used as a diagnostic of the counter

alignment; the Optimum being reached when the four counts are equal (see also

Fig. 13).

Eventually the optimum pressure might be maintained by checking

the best efficiency in a closed-loop iterative procedure. But this might

be a further development.

6.2. DIAGNOSTICS

During operation of the beam some dianostics can be made on line

in order to provide a continuous surveillance of the proper functioning of

CEDAR : i) the counts of each photo-multiplier are strObed with the 6-fold

coincidence thus giving a useful information on their individual behaviour.

Horizontal or vertical asymmetry will demonstrate a probable misalignment

of the CEDAR in the beam. Furthermore the photo-multipliers can be strobed

in-between pulses to check their background counts. w

Another very important diagnostic is the evalutation of the mean

number, 5 , of photons c0unted by a photo-multiplier when good particles

are detected. This can be deduced from the simultaneous recording of 6-fold,

7-fold and 8-fold coincidences since

n
De = (1 — e_ )8

me + 8(1 — e'“)7 e—n (10)D7

-n '2;
n6 n7 + 28(1 - e )6 e
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Fig. 15 shows that E can be deduced with great accuracy from a measurement
of Ne/ne and n7/n8 in the range of interest : 2 < E < 4. Any significant
drop of S will be indicative that the CEDAR is no more working under optimum
conditions.

On the other hand when one wishes to know the absolute efficiency
of the counter, the best thing to do is to set the gas pressure on the
pion peak and to monitor the flux with two trigger counters located upstream

and downstream of the CEDAR. These will be provided with each CEDAR and
are mounted on retractable heads so that they can be switched on and
off by computer control. This provides a direct comparison of the trigger
counts with the CEDAR counts and for an even more accurate evaluation of
the efficiency the K and E can be removed with the help of a threshold counter.

6.3. CALIBRATION OF THE GAS PRESSURE‘EORHTHE BEAM
In order to provide a calibration of the gas pressure corresponding

to each kind of particle an automatic pressure scan will be available as
one of the diagnostic software packages. The gas parameters corresponding
to the best counting efficiency will be recorded for the subsequent operation.

6.4. CHANGE OF MOMENTUM OR 0F PARTICLE MASS

Another software package will be available on call when the CEDAR
is to be reset on a different momentum or particle. This program will perform
the suitable pressure variation in a way that minimizes the time needed to
reach the required thermodynamic equilibrium. The pressure change might be
followed by an optimisation of the efficiency around the new peak. The
exact procedure cannot be assessed to-day; it will evolve with the experience
gained when the CEDAR is run in a proper beam.

7. EXPECTED PERFORMANCES

The two computer codes CEDARl and CEDARZ have been developed in
order to insure a close prediction of the counter performances during the
elaboration of its design. These codes,especially CEDARZ, will be updated
as soon as some experience had been gained with CEDAR in a beam in order to
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elaboration of its design. These codes,especially CEDARZ, will be updated
as soon as some experience had been gained with CEDAR in a beam in order to



readjust the predictions to the reality. Therefore the use of CEDARZ to
predict the performances of a CEDAR in a particular beam at a given energy,
etc. is strongly recommended to physicists who are preparing an experiment.
Some examples are presented and commented upon in the following paragraphs.

7.1. WORKING PRESSURE

Each type of CEDAR has its gas and a specific working pressure
range. The value of the gas pressure at 200C is shown, for CEDAR-W and

CEDAR-N respectively in Figs. 19 and 20. The exact value of the gas pressure
needed is also given in the output of CEDARl runs.

7.2. BEAM DIVERGENCE AND MULTIPLE SCATTERING

Figs. 21 and 22 summarize, for the two types of CEDAR, the largest
beam divergence Xmax allowed if one wants a good detection efficiency. of
course there is no abrupt cut-off and particles with larger angles have just
less and less chance to be recognized.

. 1
O {\J —’ Since ASK,TT P2

l . . . . .X' LE. 1t 18 easy to understand that the conditlons imposed on the beam

As a rule of thumb X' % % A6 andmax K

phase space are more serious the higher the energy.

The multiple scattering for the corresponding pressure and momentum
is also shown in these figures 21 and 22 as well as in the outputs of CEDARl.

7.3. EFFICIENCY AND REJECTION POWER

These are the most interesting values to evaluate for any particular
experimental situation. Outputs of CEDARZ (see Fig. 23) are needed to draw
the curves of Fig. 25 for instance. The input parameters pertinent to a
given beam are : RA, BA, PO, MA, DR, LA (see Figs. 23 and Appendix B).
After having computed the detection efficiency for the wanted particle
(positive value for MA) one may wish to compute it also for the closest
unwanted particle (negative value for MA).

Such an output was used to plot the dashed curves of Fig. 24

Fig. 25 which show the rejection power.
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Remark 1. Since the efficiency curves are symmetric and very similar for

the two types of particles one can deduce the rejection from the

black curve alone looking at a distance aside equal to the separation

of the two particles.

Remark 2. For improving the rejection one can either use a higher coincidence

level or work outside the middle of the peak, or close the diaphragm.

The results shown in Figs. 24 and 25 predict that the two types

of CEDAR should work quite well even at their highest energies.

7.4. VERY HIGH INTENSITIES

Some problems are related to very high intensites. A CEDAR is not

supposed to flag more than 107 particles/s. But what happens if there are

108 unwanted particles/s ? First of all each photo-multiplier might be

fleeded by dispersed photons and might count more than 2 107/5 and overheat.

This situation can be predicted from the mean number of photo-electrons

given by CEDAR2 (see Fig. 24). The second question is whether the rejection

power is affected by the likely occurrence of two unwanted particles in the

same trigger. This is also computed by CEDAR2 where LA is set to the

average number of particles in the same trigger. The example of Fig. 26

shows how the efficiency and the rejection power are affected by a very

high intensity of unwanted particles.
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APPENDIX A : PROGRAM CEDAR l

The aim of this program is to allow an optimization of the optical

system, expecially in View of reducing the chromatic aberrations which are of

primary importance. But since the ray tracing is mathematically rigorous both

for reflection and refraction on various types of surfaces (spherical, parabor

loidal,hyperboloidal, conical) other optical aberrations can also be evaluated

for paraxial, meridian as well as skew rays.

1. RAY TRACING

F.) o o -Some algebra should be recalled. If S is the unit vector multiplied
I u g + I a

by the index of refraction along the trajectory, and 0 IS the unit vector

perpendicular to the surface, directed towards the centre of curvature, then

we have

m H m I N 8; m
V 0+for reflection (Al) c

. —> —> +
and for refraction : S' = S + F 0 ,

(A2)

ll :1
N | :5
N + A 0+ U) v N

i
I O m+with T

' Ix \\
We use a reference system with 2 along the optical axis (x,y) in the

vertex plane (tangent to the sphere). The trajectory passes through the vertex
. . . d d . .

plane at P (a,b,o), Wlth directlon 35 = a, 3% = 8. Then the trajectory inter-
*

sects the sphere at point Q (x , y , z ) given by
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21,2 = -;y:%7:5 — (aa+bB—R) i /(aa+bB-R)2- (a2+BZ—C) (a2+b77

l/\-Zl if [21' Izzl
2*

22 if [22] 5 |zll
(A3)

x* = a + a 2*

y* = b + B 2* ,

and the direction perpendicular to the surface at Q is

_ x*/p
+
0 = — y*/p

(C 2* + R)/p with

(A4)

p = /(c2* + R)2+ x*2 + y*2 . Sign (C2* + R). sign (3(3))

Formulae A3 and A4 are valid for aspherical surfaces too, the nature of which
is determined by the value of the coefficient C. (C = - 1 : sphere,
C = O : paraboloid, C = 1 : hyperboloid).

In the programs CEDARl and CEDAR2 the subroutine SURF makes use of
the above algebra and is called from subroutine OPTICS each time a new surface
is reached. OPTICS is written to represent the particular optical system of
a CEDAR but can be very easily remodelled. A more elaborate version of SURF
was also available when we investigated the use of conical surfaces, but when
that was dropped we came back to the present shorter version.

2. REFRACTIVE INDICES

The index of refraction must be generated both for the gas and for
the glassfrom analytic formulae in order to insure smooth results. For gases
we use

P 273 c1 + c2 (A5)
760 T 1 1 ’

n(X) = l +
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where P and T are the actual pressure and temperature of the gas, and A
is measured in mm. Coefficients C1, C2, A1, A2 can either be found in the
literature or obtained from raw measurements by least square fit. Table I
gives the values used here :

Table I : Coefficients to be used in Eq. A5

Gas - 01x106 i A1><1o6 02x106 A2><106
N % .039535 152.29 — .008373 — 240.65

He

l
I

.014757 l 425.91 0 0
1

SF .193693 279.43 0 0
l l 1

For the glasses we adopted the following formula :

2 = c2 c3 2 4n _ C1 + )1 _ A2 + m C4 A + C5 A . (A6)

But in order to be used in the program the index of theglass must be absolute
(referred to vacuum and not to air as usual). Bearing this in mind we found
excellent fits leading to the parameters of Table II.

Table II : Coefficients for Eq. A6

Si 02 (Hereaus) Ca F

01 2.9743 2.0254
02 8523.7 7121.64
AZ 11382 5627.0
03 x 10'7 7.8946 0
A3 x 10‘8 — 1.0268 0
04 x 109 114.32 58.18
05 x 1018 13135 I — 84430
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3. WAVELENGTH .4 A

The program is meant to study the chromatic behaviour of the optics

for ten different wavelengths Xi. In order to get the most significant

results we choose values equidistant in terms of photo-electron production by

the photO‘multipliers (see Fig. 8). Two sets of values emerge : i) when we
consider the full spectrum from 200 nm to 600 nm or ii) when we put a cut-off at

230 nm with the filter (see Fig. 8).

without filter with filter

A1 202 nm 241 nm

12 212 256

A3 228 274

h. 248 294

15 272 316

16 298 340

A7 328 366

A8 364 395

19 404 432

110 470 490

4. OPTICS OPTIMIZATION

The corrector lens with its radius of curvature R1 is acting mainly

on the transverse chromaticity and the Mangin surface (RR) compensates for

the longitudinal chromaticity. Both of these effects can be made to vanish at

two wavelengths, say, Al and 110.

Two rays representative of the éerenkov light emission are chosen

in one plane containing the optical axis and traced through the optical system

towards the diaphragm, with A = 110. Where they join each other one notes down

the radius,R, and the axial position,£. This is repeated with l = A1 and

with small variations of the radii RR and R1. When the linear system of
a”, n-
AA ’AA'

and one proceeds by iteration.

equationsis solved for 0 the new values of RR and R1 are obtained
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This procedure is used for the optimization of RR and R1. And the

radius RM of the mirror reflecting surface is chosen to get the wanted focal

distance.

Let us then suppose that the optical elements have got defined values

RM, RR, R1, slightly different from those obtained above. An optimization is

still possible on the distance L2 separating the corrector from the mirror,
. ARbut then only one quantity can be set to zero : we choose to make —— = 0.AA

5. COMPUTER SIMULATION

In order to get a spot diagram corresponding to the actual photon

distribution in space one must start with a proper account of the beam phase

space.

The beam phase space being uniformly populated within an upright

ellipSOid in four dimensions, a point of this space can be chosen with four

random numbers r1, r2, r3, rs as :

>¢ ll 2(r1- 0.5) xm

N I' — 2(r2- 0.5) x'
m

'~<
j I| 2(r3- 0.5) ym _ (A7)

\< |'— 2(rk_ 0.5)y1;1

provided

where ri have a uniform probability between zero and one.'

The longitudinal position of the photon emission is given by

z=r5L,

where L is the radiator length, so that x, y, z are the coordinates in real

space of the point of emission of one photon. This photon is emitted on a

cone of semi-aperture

_ ___l;___6 - B n (A) (see Eq. 1)
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and the cone axis is on the beam trajectory. According to the distance 2
some multiple scattering angle can be added to the angles x', y' so that
finally the photon direction is given by

X II' x' + 01 /; <8 ro'> + 8 sin 2W r6

y¢ y' + 02 /; (eproj> + 6 cos 2W r6

where 01, 02 are random variables with a Gaussian distribution of unit variance,
<6pr .> is the rms multiple scattering angle for unit length traversal.

Note that the composition of angles in space is obtained by mere
addition of the projected angles which is good enough for such small values.
And we can write the direction of the light ray as

‘3’ (A9)d)

Such rays are traced through the optical system, they are reflected
by the mirror if they strike it at a radius r . < r < r and they appearmin max
at a radius R in the focal plane.

The distribution of R values represents the photon spot size
transverse to the annular diaphragm.

Similar distributions are obtained by the program for the ten different
wavelengths, Xi, and two particle masses MW and MU. The total list of
parameters entering the computation and an example of the resulting spot
diagrams are shown in Figs. 5, 6, 7, 21, 22.
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APPENDIX B : PROGRAM CEDAR 2

This program treats the statistical emission of photons along one

given particle trajectory through the counter so that a proper assessment of

the counting efficiency can be made for individual photo—multipliers and for

them in various coincidence configurations.

The ray tracing is the same as in CEDAR 1 (see Appendix A), but

the sophistication is extended appreciably 1

1. PARTICLE BEAM PHASE SPACE

Each particle trajectory must begin at the entrance of the radiator

with z = O. For the transverse phase space one has similarily to equation A 7

0

' — 2(r1 - 0.5) x'm

N
>4

I
II

*< ll

r2 ym (B l)
I _ _ I

2(r3 0-5)ym'~< I

2y' <
y'2_1

m

12 2. X yWlth + -—- +X2 2
mm

S4

The reason for keeping x = 0 and y positive is to provide information

on the asymmetry of light collection for any off-axis particle.(This effect

would be wiped out on average when a large number of particles are computed,

due to the circular symmetry of the system, if actual distributions would be

used for x and y.).Still the results are representative of the normal behaviour

of the counter.

2. MULTIPLE SCATTERING

This effect which is already taken into account in CEDAR 1 has been

introduced more carefully here in order to keep the memory of the mean scatter-

ing angle for any given particle. Instead of simulating the emission of

independent photons we have computed bunches of photons belonging to the

same particle trajectory.
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The length of the radiator L is divided into N¢ elements dz
where N¢ is the average number of emitted photons given by

A
max

2 n .N = -——- Sin2 8 L Q; (B 2)c AA .m1n

in which A . and A are the limits of the spectral range acceptedm1n m x
( A . = 200 nm, A = 600 nm, here).m1n max

In each element of trajectory dz the average number of emitted
photons is one and the actual number r is sorted out at random from a
Poisson distribution. Then r photons are created and one proceeds with
adding to the direction of the trajectory some scattering angles correspond-
ing to a length of gas dz : we have

x'(z + dz) = x'(z) + 01 <6 ro'>

Y'(Z) + 02 <9 ->
Iy (z + dz) prOJ

where 01, 02 are random variables with Guassian distribution of unit variance,
and <6 .> = l: -E££ (mrad/GeV/c), as usual.prOJ p x0

3. PHOTON WAVELENGTH

Each emitted photon is given a wavelength according to the distri-
bution in %7 of Eq.(B 2) simply by sorting

_ 600A_3‘2ru (B4)

with n, a random number between 0 and 1.

Before starting the ray tracing one decides whether this very
photon is going to survive the traversal of the quartz lenses, the foreward
and backward reflections at all optical surfaces, and whether it will not
be filtered out by the spectral filter, and then will succeed in producing
a photo-electron in the photo-multiplier (quantum efficiency) and eventually
be detected.
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The length of the radiator L is divided into N¢ elements dz
where N¢ is the average number of emitted photons given by

A
max

2 n .N = -——- Sin2 8 L Q; (B 2)c AA .m1n

in which A . and A are the limits of the spectral range acceptedm1n m x
( A . = 200 nm, A = 600 nm, here).m1n max

In each element of trajectory dz the average number of emitted
photons is one and the actual number r is sorted out at random from a
Poisson distribution. Then r photons are created and one proceeds with
adding to the direction of the trajectory some scattering angles correspond-
ing to a length of gas dz : we have

x'(z + dz) = x'(z) + 01 <6 ro'>

Y'(Z) + 02 <9 ->
Iy (z + dz) prOJ

where 01, 02 are random variables with Guassian distribution of unit variance,
and <6 .> = l: -E££ (mrad/GeV/c), as usual.prOJ p x0

3. PHOTON WAVELENGTH

Each emitted photon is given a wavelength according to the distri-
bution in %7 of Eq.(B 2) simply by sorting

_ 600A_3‘2ru (B4)

with n, a random number between 0 and 1.

Before starting the ray tracing one decides whether this very
photon is going to survive the traversal of the quartz lenses, the foreward
and backward reflections at all optical surfaces, and whether it will not
be filtered out by the spectral filter, and then will succeed in producing
a photo-electron in the photo-multiplier (quantum efficiency) and eventually
be detected.
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All these probabilities are shown on Fig. 8.v They are summarized
in a table of efficiencies EFF(X) and the decision is positive if a new

. < . . . .random number r5 is found - EFF(A). Only in this case is the ray-traCing

pursued and some more obstacles can be met (collimation).

4. VIGNETTE EFFECTS

Some of the photons fall onto the central hole of the mirror

(about one third) some others miss the mirror by exceeding its diameter.

All the remainder pass through the corrector lens but then a certain

fraction is discarded by hitting the inside or outside jaw of the diaphragm.

5. COINCIDENCES 0F PHOTO-MULTIPLIER DETECTION

When a lucky photon passes through the diaphragm it flashes one
of the eight photo-multipliers. So that any particle, having produced a bunch
of photons, may be detected by a certain configuration of flashes.

The direct statistics of these configurations yields probabilities
for the observation of various levels of coincidence of the 8 photo-multipliers.
Studied here are the 8-fold, 7-fold, 6-fold and "at least one in each of four

pairs" coincidences. The so-called statistical results are just the fractional
occurences in the simulation which, in order to remain a short job on the
CDC 7600 computer, should not deal with more than 300 particles (about 104
lucky photons). These efficiencies are listed under the headings 8-8, 7-S,
6-8 and 4-8 in the program outputs (see Figs. 23 and 24).

But in order to estimate probabilities much smaller than 1/300
(to assess rejection powers of 104 to 108) some analytic evaluations can be
done based on the average probability of flashing of a photo-multiplier.

Let us call a this probability. We then can define the efficiencies
of various coincidence levels by

_8
me = n

n7= ne+867(1-fi)2
(BS)

m + 28 55(1 - F02

[1 — (1 — F02)“
'ne

flu

_B3_

All these probabilities are shown on Fig. 8.v They are summarized
in a table of efficiencies EFF(X) and the decision is positive if a new

. < . . . .random number r5 is found - EFF(A). Only in this case is the ray-traCing

pursued and some more obstacles can be met (collimation).

4. VIGNETTE EFFECTS

Some of the photons fall onto the central hole of the mirror

(about one third) some others miss the mirror by exceeding its diameter.

All the remainder pass through the corrector lens but then a certain

fraction is discarded by hitting the inside or outside jaw of the diaphragm.

5. COINCIDENCES 0F PHOTO-MULTIPLIER DETECTION

When a lucky photon passes through the diaphragm it flashes one
of the eight photo-multipliers. So that any particle, having produced a bunch
of photons, may be detected by a certain configuration of flashes.

The direct statistics of these configurations yields probabilities
for the observation of various levels of coincidence of the 8 photo-multipliers.
Studied here are the 8-fold, 7-fold, 6-fold and "at least one in each of four

pairs" coincidences. The so-called statistical results are just the fractional
occurences in the simulation which, in order to remain a short job on the
CDC 7600 computer, should not deal with more than 300 particles (about 104
lucky photons). These efficiencies are listed under the headings 8-8, 7-S,
6-8 and 4-8 in the program outputs (see Figs. 23 and 24).

But in order to estimate probabilities much smaller than 1/300
(to assess rejection powers of 104 to 108) some analytic evaluations can be
done based on the average probability of flashing of a photo-multiplier.

Let us call a this probability. We then can define the efficiencies
of various coincidence levels by

_8
me = n

n7= ne+867(1-fi)2
(BS)

m + 28 55(1 - F02

[1 — (1 — F02)“
'ne

flu



-B4—

These analytic values are listed in the program output under

headings 8-A, 7-A, 6-A, A-A. They are very useful to show how good the

rejection of unwanted particles is and one can cross-check them with the

statistical values whenever these latter are high enough to be significant.

6. SIMULATION OF PRESSURE SCAN

J
Any given run of CEDAR 2 is done for the Cerenkov angle 8 correspond-

ing to the optimum gas pressure P which centers the light spot onto the

diaphragm.

Scanning the pressure changes the size of the light ring which is
no longer matched to the diaphragm radius.

Conversely one could envisage to vary the radius of the diaphragm

and leave the pressure constant. This manoeuvre is not easy in practice

but very well adapted to our computer simulation. Indeed most of the time

is used to get the lucky photons reaching the plane of the diaphragm. When

the whole bunch is there it is an easy job to register the coincidences

for, say, 40 diaphragms of different radii.

This scan is now automatically done by the program, the steps in

radius are chosen in order to cover the range of the light rings between

the wanted particle at R = 100 mm and the unwanted particle at R = RU

(given as input parameter). An example of such a simulation is shown in

Fig.23 . Note that the MEAN NB OF PHOTONS/PM is given there for the nominal

diaphragm radius RD = 100 mm.

, 7. MULTIPLICITY OF PARTICLES WITHIN A TRIGGER

When the particle flux is very high it may happen that more than one

particle traverses the counter within the trigger opening. All the photons

participate in creating a configuration of flashing photo-mulipliers, which

clearly is no more representative of either particle. The great danger is

that more than one of the unwanted and very abundant particles simulate the passage

of one good particle. This effect can be analysed with CEDAR 2 by letting

the "MEAN PARTICLE NB IN TRIGGER" be of the order of one or more. Then the

number of particles participating in the same coincidence is taken at random

from a Poisson distribution with average value equal to LA (see Fig. 24 )
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13.

FIGURE CAPTIONS'

For both CEDAR-W and CEDAR-N the chromaticity and its remaining value
after correction is compared with the angle needed to separate n and K
and the multiple scattering (all versus the K momentum).

Schematics of various correctors (figure in text).

CEDAR-W optical layout (CEDAR-N is very similar; only the 3 radii
of curvature of the lenses differ).

A chromatic corrector is always tuned for two wavelengths; higher
order effects cannot be eliminated systematically and will be more
or less prominent according to the material(s) chosen for the corrector.

An example of the ring spot size at diaphragm computed for CEDAR-N
at 340 GeV/c. Since no multiple scattering is involved nor beam diver-
gence the coma and spherical aberrations can be seen : their contri-
bution is much smaller than the diffraction limit and deserves no cure.
(See Appendix A for the computer code).

Secondary spectrum for the wide range 200 nm < A < 600 nm. When the
chromaticity is corrected for X1 = 202 nm and X10 = 470 nm, the spot
size due to secondary spectrum is unacceptably large (145 Um).

Secondary spectrum for restricted range 230 nm < A <600 nm. Due to
the filtering out of the smaller wavelengths, the spot size has been
reduced to 55 um (compared with Fig. 6).

Cerenkov light production, quartz absorption, surface reflections and
mirror relfectivity, filter transmittance, photo-muliplier (EMI 9820)
relative sensitivity are shown as functions of A.

General view of CEDAR mechanical set-up.

Ensemble drawing of the high-precision alignment table.

Ensemble drawing of the diaphragm design.

Test of photo-multipliers with a threshold Cerenkov counter. Two
RCA 31000M and one EMI 9820 have been tested in a PS beam by Duteil
and collaborators. The two brands compare well as far as sensitivity
is concerned.

CEDAR electronics : the fast logic block diagram
PMi : photo-multipliers
LP : light pulser for the p.m. associated light diode (computer controlle
HV : high voltage unit (computer controlled)
At : time delay : 0.5 — 32 ns (computer controlled)
Discr : amplifier discriminator
A0 : analogue observation
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Figure Captions (cont'd)
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24.

25.

26.

Gas handling.

Efficiencies of various coincidence levels (6, 7, 8) and their ratios
are given as functions of the mean number of photo-electrons recorded
by each photo-muliplier.

Space needed on a beam line to locate a CEDAR counter (at each end some
extra 30 cm must be allowed for the trigger counters).

Maximum divergence allowed for a good efficiency and multiple scattering
suffered by the beam traversing CEDARTW.

Maximum divergence allowed for a good efficiency and multiple scattering
suffered by the beam traversing CEDAR-N.

Working pressure for CEDAR-W.

Working pressure for CEDAR-N.

Spot-size simulation for CEDAR-N. All parameters are the same as for
Fig. 7 but the effect of multiple scattering is added here to complete
the picture (see Appendix A for the computer code).

Same as Fig. 21, but for CEDAR-W.

Simulation of the photo-mulitpliers coincidences for CEDAR-N working
at low intensity (mean number of particle per trigger LA = 0.01).
(See Appendix B for the computer code).

Simulation of the photo-multiplier coincidences for CEDAR-W working
at high intensity (LA = 2).

Efficiency and rejection power computed for CEDAR-N working at 340 GeV/c.
Black curves show the counting efficiency for 6-fold and 8-fold
coincidences, dashed curves give the correcponding values for the
unwanted particles. All other parameters are listed in Fig. 23.

Efficiency and rejection power computed for CEDAR-w working at 150 GeV/c.
Curves show the counting efficiencies of the 6-fold coincidence. High
intensity (LA = 2) and low intensity (LA = 0.01) are shown for the
wanted as well as the unwanted particle. All parameters are the same
as in Fig. 24.
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SECONDARY SPECTRUM OF CERENKOV LIGHT PRODUCED IN HELIUM
AT 26 mrod AND CORRECTED BY A PRISM AT f/S

mradi
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HF LIGHT THRHUyqSIMULATIHM

GAS FILLIzG = N2 ; CHNRECTUH
LLNHTH uF HAHIAIMR
RADIUS HF pANTILIL
BEAM SCATTEHTVG
BEAM Hnmtnruh
MASS HF wAMTFn
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CERhNKHV nwutt
RADIUS up 1av91n SUFFAct
THIC‘tS H1 HAWflIN “IRHR
MIRUR RAnlws
cunwrrruw nlAwfirkr
DISTAHCL T” CHRHECv
FIRST RAhlds u} CHKnFLTw~
CUPRECTUP raK.tSs
SECHMD KAbIdS Hr CHMR%CIUH
DISYAWCE In ‘UCAL Pkd F
FOCUS MEAL FAUIUS
RADIUS [Ngwtw1
BEAM HIVFRGLHCF
NB UP PARTICLtS

MFA“
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PARIICLkS
PAHTLCLLb
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THtTA PRHJ,:

1,65 MAR / L10
.02! MEAN / Sta

LAMBDA 241, 2bo, 27a, 2449

. DH ON 59“ (W
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SIMULATIHU up LIGHT 1000000

GAS FIILIHG = Mk I CORRECTHP
LENGTH HF RADIATUH
MAXIMUM RLAM AMPLITUDL
MAXIMUM HrA” DIVERGLMCF
BEAM MHHEHTuM
PARTICLE MASS
CLRENKUV AWGLE
NB NF PARTILLLS
CORRELTHH 01AME1£R
RADIUS 0F ”ANBIN SURFACh
THICKHFSS HP MAMQIN ”LHHH
RADIUS 01 RLPLECIIMG SURFACL
DISTANCE 10 CURRECIHR
FIRST RADlUS 0F CuRRfCTuH
CURRECTUR THICKVESS
DISTANCE 10 PUCAL PLAN?
UNKANTED DISTR10011uw CENTE?
DIAPHRAGM HPEHTnn
MEAN PARTICLR Mn 10 lbhEH

Lussrsz 0011cs: .915 / HULE:
RD 1::«4 HIS B-A

99.95 02 .01 .94E-01
99.94 87 .04 .5/L-01
90.05 107 .10 .11L+00
99.95 140 .19 .91t+00
99.90 159 .28 ,28Ev00
99.9) 162 .40 .38E+00
99.98 170 .54 ,bOE+00
99.99 201 .57 .t+00

100.00 1/7 .57 .57f+00

MEAN 00 up PHUTuMS/PM .0254

100.01 104 .07 .boe+00
100.02 170 .50 .5ohono
100.05 15$ .50 .ddt+00
100.04 142 .41 .59E+00
100.05 104 .50 .27f+00
100.05 95 .15 .10L+00
100.00 79 .03 .75E~01
100.07 48 .01 .30t-01
100.08 3a .00 .116-01
100.00 15 .00 .3bf-02
100.10 1 .00 .QBE-OJ
100.11 0 .00 .QdL-OJ
100.12 0 .00 .59t-04
100.13 0 .00 .70t-05
100.14 0 .00 .SQF-Ob
100.15 0 0.00 .13L-07 0
100.15 0 0.00 .12t-09 0
100.10 0 0.00 .dbf-IJ 0
100.17 0 0.00 0. 0
100.10 0 0.00 0. 0
100.19 0 0.00 0. 0
100.?0 0 0.00 0. 0
100.21 0 0.00 0. 0
100.22 0 0.00 0. 0

CLDAR HPTICS

bLAS : SIU2

(1) L1:
(2) RA:
(3) HA:
(4) P0=
(5) ”A:
(6) TH:
(/) ”U:
(a) DL:
(9) RR:

(10) DL:

(11)
(12)
(13)
(14)
(10)
(10)
(17)
(10) I!

II
II

ll
II

II
N

H

F‘
D

z
r—

r'
x
ir

L
b

T
C

1
A

(-
‘M

.327 / 0101

/‘S 7.A

.1? .14E+00

.23 .25Ev00

.37 .400900

.56 .57Ey00

.h7 .67E+00

.75 .78E+00

.6? ,8/E+00

.88 .90E100

.09 .90F000

.0751 .0955

.07 .°0&+00

.08 .90h+00

.80 .856v00

.15 .78E+00

.57 'bbf.+0()

.40 .46E900

.23 .50Ev00
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5800.0
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.020

540.0
.404
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100.
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~2885.0

-20.0
-992.0

100,140
.150
.010

MM

MM

DATE

PHAD
Gav/L
GPv/L/C
FAD

mfl

MM

1111

MM

MM

MM

MM
MM

MM
MM

: .000 / CHR=0.000

6—5 0-0 4-8

.28 .57F+00 .24

.47 .55F+0o .49

.70 .I1E+00 .73

.03 .85fi+00 .83

.09 .QIFVOO .89

.95 .Qbf+00 .93

.98 .9BE+00 .96

.00 .991+00 .97

.99 .99E+00 .97

.051? .0501 .0202 .0309

1.00 .99E+00 .98
1.00 .005100 .99
.99 .97E+00 .97
.06 .Obtrno .90
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SIMULATION UP LIGHT THROUGH CEDAR UPTICS

GAS FILLING = N2 . CORRECTDR
LENGTH OF RADIATOR
MAXIMUM BEAM AMPLITUDE
MAXIMUM BEAM DIVERGENCE
BEAM MDMFNTUM
PARTICLE MASS
CERENKDV ANGLE
NB OF PARTICLES
CURRECTOR DIAMETER
RADIUS OF MANGIN SURFACE
THICKNESS 0F MANGIN MIRUR
RADIUS OF REFLECTING SURFACE
DISTANCE T0 CDRRECTUR
FIRST RADIUS 0F CURRECTDR
CORRECTUR THICKNtSS
DISTANCE TU FOCAL PLANE
UNHANTED DISTRIBUTION CENTER
DIAPHRAGM OPENING
MEAN PARTICLE NB IN TRIGGER

LOSSFSZ OPTICS: .954 / HOLE:

RD CH 805 8"

99.70 15 0.00 .520~04
99.74 15 .01 .28E-02
99.78 36 .04 .J7E-01
99.91 74 .15 .14E+00
99.85 259 .32 .31E+00
99.89 601 .52 .51E+00
99.92 1173 .70 .590+00
99.98 1901 .85 .82E000

100.00 2453 .90 .89F000

GLAS
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

C10)
(11)
(12)
(13)
(14)
(15)
(10)
(17)
(18)

7.8

8102
L1=
RA8
BA:
Po:
MA:
TH:
NB:
DC=
RR:
DLB
RM:
L2=
R1:
L3=
L4:
Ru:
DR:
LA:

(CEDAR 2) DATE

5800.0
50.0
.050

150.0
.494

.030828
600.

318.0
.661296

40.0
-8012.7
-3442.4
*1585.0

.2030

”99108
100.600

.400
2.000

01AM: .256 /
7-A

.00 .78E-OJ

.02 .19E.o1

.12 .13E+00

.31 .32E000

.51 .54E+00

.70 .7JE000

.86 .87P000

.94 .95Eo00

.98 .98E+oo

MEAN NB OF PHDTDNS/PM7.06556.96006.97536

100,04 2824 .95 .9Jt+oo
100.08 2782 .94 .94E+00
100,11 2489 .93 .95E+oo
100.15 1870 .91 .90E0oo
100.19 1246 .83 .825+oo
100.23 551 .70 .67E+00
100.20 186 .52 .505000
100.30 49 .30 .29&+00
100.34 11 .12 .11E+oo
100.36 .02 .152.01
100.41 .00 .48E-OJ
100.45 0.00 .8ob-oo
100.49 0.00 .95E-10 0
100.50 0.00 0. 0
100.56 0.00 0, 0
100.60 0.00 0. 0
100.64 0.00 0. 0
100.68 0.00 o. 0
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SIMULATION UP LIGHT THROUGH CEDAR UPTICS
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CEDAR-W AT 150 GeV/c
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