
C E

V

q
HI

4pe fû sIc Svqo

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN - SPS DIVISION

THE CEDAR COUNTERS FOR PARTICLE IDENTIFICATION

IN THE SPS SECONDARY BEAMS : A DESCRIPTION AND

AN OPEMTION MANUAL

C. BoveË, R. Maleyran, L. Piemontese,
ù

A. Placci, M. Placidi

Prévessin, 23xh September 1982



ABSTRACT

After a brief introduction on the physics of the Cerenkov

effect in view of its apptication to particle identification, the CEDAR

detectors are described, with emphasis on those characteristics and

construction features which are of inÈerest to tlie 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 \,iith

various hints and suggestions on Ëhe procedure to follow in order to seL

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 instruuented with a set of
various detectors, including analog wire chambers for measurement of
beam spot position and size, scintillator filament scanners to opËimize

the beam divergence, MLIPC for measurements of momenÈum of individual
particles, and Cerenkov counËers for parËicle identification.

The latter include threshold Cerenkov counters for applieations

at the lower energies, and differential counters of the DISC type for
better resolution mainly at higher energies. These differ".entiatr counters,

ealled CEDART 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 notr operational and have been success-

fully operated in the North or l,'Iest Area beams.

Tws versions of CEDARs exist, called CEDAR-N (type) and

CEDAR-I,tr, with obvious reference to the North and l{est experimental

areas. They differ in the energy Eange to which they are adapted: the

CEDARs-N can separate kfs from rts up to 3OO GeV/c, but can detect

pïotons only dor,rn to about 6O GeV1c, while a CEDAR-I{ can flag protons

of L2 GeV/c, aud cau separate krs from nts 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 Êo 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 Eagnets and collimators.

Despite of all the facilities available it is a delicate
t.o tune and optimize a CEDAR and to keep it in best condition

data taking. Users have to learn how Ëo set it properly, how

and how Ëo find the reason of a malfunctioning.

enterprrse
during

to check it
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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 conrmenËs upon all
relevant parameters of the counËers. Chapter 4 explains the environment

of the CEDARs in a beam line, the electronic treatmenË of the signals
and gives a thorough description of Ëhe software available for int.er-
active controls and diagnostics. Finally in chapter 5 rules for practical

operaËion 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.

o
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2. PRINCIPLE OF OPEMTION AND OPTICAL RESOLUTION

2.I Principle of operation

The Cerenkov light produced by a beam particle is emitted on

cones of semi-aperture 0 with

^1cosO=-;,(1)nB'

where n is the index of refraction of the transparent medium and B

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 distjnguishing
narticles \,ùith dif f erent masses according to the d iameter of

the light rings.

The velocity of a particle is given by

B f + t'e")'
where m and p are its mass and momentum. It is clear from

Equ. 2 xhax the different momenta in a secondary beam with
A p/p N t Z play little role compared with mass differences of
LOO Z or more. For t\,ro masses m, and m2 one can write

(2)

(3)

corres-
and *2

ABî-p tog 1+
2

B1 c /r\' \-à, 'É -q'\nl lv zp2É

\

)')

Figure 3 illustrates the differences of velocity LB/B

ponding to various pairs of particles with masses t1
a function of momenËum.

Differentiating Equ. I with n constan! one gets

râs

Ae 1 
^BtanO B

AB

B

(4)

which should allow Èo

tol
U

and the difference on the ring radius R,

separate the particles is given by

22*2-tlf
0

AR= f^0
2p

2
(s) 

,
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IÀrhere f is the focal length of the system. A mechanical diaphragm
with variable annurar opening, is located in the focal olane to
select the photons of the wanted particles. Rings can be distinguished
if their radii differ by ÂR > LD, rhe opening of the lighr diaphragm.
In practice LD can be set as small as 0.1 + 0.01 m but it is a diffi_
cult optical problem to focus the light to such a sharp ring image.

2.2 Effects broadeni ng the I ight s t
Various effects must

light rings:
be cured in order to minimi ze |ne width of the

i) optical aberrations 1ike astigmatism,
are of course existing, but have been
only 20 pm FIITHM in a CEDAR optics. The
telescope optics with f : 15 and | =
and can be neglected.

coma, spherical aberrations
minimized and contribute to

diffraction limit for a

3OOruo is d = 6,,mml_n I

ii) The most severe effect is
pressed as 

{)

the ehromatic dispersion which may be ex-

AR -ch fe I
A)

(r + 1/o 2
v

,)
(6)

is the Abbe number to characterize
the reciprocal dispersion of the gas.
(ÀO = 589.3 nm, ÀF = 486.1 nm, ÀC = 656.3 ,1n).

tc
5
"F

1
where v =

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 rerm t/02y2 i' Eq.r. 6 can be neglecteà 

"od trru
chromatic dispersion is directly proportional to 6 , which must
therefore be chosen as smal1 as possible. rn order to improve
further their resorution Drsc and cEDAR counËers have an optical
corrector to reduce the chromatic dispersion, (see Ref . lr2r3 and
Chapter 3).



iii) The multiple scattering incurred by the beam during its traversal
of the gas radiator also conËribuËes to broaden the light ring. Indeed

the centre of the light ring is 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. 4rb). This effect is the most

inportant 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 Ëhe gas scattering is :

on 
( s.)

-15+-
l^

FP
(7)

where L is the length of the gas radiator, with radiation length X

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

5-

fAn

1 fAT

LpP
3X

o

o

tanO n
(B) ;J

as from Equ. 1, Equ. 5 and Equ. 4 where An/n should replace LBIB.

In a CEDAR no pressure gradient exists in steady condition, but a

temperature disrribution 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 LT/L . Since

An/n = -LT/t at constant pressure (Equ. 19), the phoËons will have

a rectangular distribution in R with a sËandard deviation

AR

on(r)
2 ,E tano r (e)



These four effects are incoherent and result in an overwhole

\,ùorst 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.

v) The beam divergence creates another problem since the light rings
are concentric only when the particles have paralle1 trajectories.
If not the projected rttgi." xt and yt of a particle trajectory
result in a displacement of the centre of the lighË ring by amounts

Ax f Ay I (10;

Hence the light distribution averaged over many particles is charac-
terized by

foon("')

( 11)

vx

6

fo13) on(y')

as illustrated on Fig. 4rd,
beam divergence.

yt

where o*, and oy, correspond to the

Note that this effect is generally different in the'horizontal and

vertical planes; furthermore, it does not concern all parËicles to
the same degree since those with sma1l x', yt are not touched and

those with large x' or yt are most affecËed. In other words, a

CEDAR counter has an efficiency r^rhieh decreases with increasing
angle between the particle trajectory and Èhe optieal axis (see

Fig. 5, for a typical example, wiere the six-fold effic)-"ncy is
shor,rn and xr, y' are scaled in units of LD/f).

vi) 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 scincillation
produced by beam particles in the gas.

1 ight



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 light collection. I^Ie are not going

to describe Ëhis procedure in detail but we just want to recall the
physical arguments which were playing against each other.

The number of photons of Cerenkov lighË emitted is given
4\by'i

-7

B

B

(12)

where cr is the fine sËructuïe constant, L the length of the radiator,
and the suno extends to the range of wave lengths accepted by the
system.

Thus three parameËers influence Ehe light output : the cerenkov
angle 0 , the length of the radiator and the width of the accepted

spectrum, especially towards smal1 wave lengths.

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

i$)

0Ae<< AB (r3)

Nph= 2naL"t"2efp

Now the resolution in 0 is merely defined by the.chromatic
dispersion of Equ. 6 which can be simplified to

ê
^^au,-;-rcn zv (14)

when Èhe counter is used aË high energy rv'fl .

Conbining Equ. 13 and Equ. 14, we get

2
Uut ^B (Is)

where k is the correction factor achieved by the chromaËic

corrector, and one sees that 0 should be sma1l in contradiction with
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d-)

the light output requiremenÈ. To reach a good k one also tends to

reduce the speetral range which is detremental to the light ouÈput

and the length of the radiator is limited for consideration of the

beam layouÈ 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 momentun'

D . which could be achieved within 15 bars (the maximum Pressure'mrn'
for which the counËer can be operated).

These considerations, together with the optical system which

is described in Chapter 3 have lead Ëo the figures surnmarized in

Table I.

The lowest momenta for which the counËers can be seË to detect

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

Working pressure P and multiple scattering '0t"" resulting

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

Fig. 7.

Table T des parâmefers

2.4 Pattern recosniËion

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

particles, i.". rings of a slightly different diameËer.

This is best done by collecting the light through a circular dia-

phragur of variable aperture, LD, and focussing if onto a number of photo-

nultipliers. This number must be large enough to provide a good discrimi-

naËion agai-nst wrong rings of light even when one or two photomultipliers

are failing to deÈect Ëhe event. CEDAR counteïs have got eight photomul-

tipliers, so Ëhat the discrimination against unwanted particles is good

when at least five photomultipliers are flashing-

CEDAR
t)?e

AB

B--sep
gas (n -1)" to6

o
v e

(nrad)
k

,D-

ZF L
(rn)

p/m
- ml-n

w -65x 10 N z
292 35 30.9 11 1.2 x 10-6 3.24 11 .3

-6
N 10 He 38.7 54 25.8 24 2.6 x LO

-7 3.88 s5.9
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The detecÈion of good parËicles must also have a sufficient
iuununity against random background as identified in parag' 2.1 vi).
For thaË a high level of coincidence between the photonrultiplier
signals will also be the best ingredient. Signals with najority
counts of eight-fold, seven-fold and six-fold coincidence are

provided to the user. The level of coincidence plays an importanË

role in the relation of efficiency to rejection.

2.5 Efficiency and rejection

For a given photomultiplier the efficiency, tr of recording

the signal is given by

n
-*1-ev ( 16)

(L7 )

where ô is the average number of recorded phoËoelectrons' see

Appendix A.

If eight photomultipliers are whatching the same event

with similar'efficenciesr tr then Ëhe probability of observing the

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

ù
nB

\7

(1 - e-0)8

nB+8(

n7+28

r - "-o)7
(1 - g-0;6

e -0

e-2ô
n 6

These values are shown on Fig. 8, where the number of photo-

electrons, for a typical operation of a CEDAR, is in the range :

I . 0 <4.

In praetice Q can be determined experimentally when the

CEDAR is set correctly, by counting simulËaneously the number of coin-

cidences of various Ievels, N6, N7, Ng. Since these numbers are in
direct proporËion to the efficiencies nU t r)7; nU their ratios can be

substituted for the ratios n7/n' in Equ. AB and for n./n, in Equ. All,
and values of Q can be calculated.

These values are then used Ëo compute in return the efficiencies
for six, seven and eight-fold coincidence levels, through Equ. L7,

and the information so obtained is vital for the user to check that the

counter keeps in good running conditions.
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3. DESCRIPTION OF CEDAR COI]NTERS

3.1 tical s stem

The optical system of a cEDAR focusses most of Ëhe cerenkov
light onto the plane of the diaphragm with the help of a spherieal
mirror, which constitute the mosË difficult problem of manufacturing,
as explained below. The chromatic dispersion menÈioned in para. 2.2, ii)is reduced by a correcting system. For arl optical elements the tore_
rances needed for the quality of the surfaces, for the radii of curva-ture' for the positioning, tirt and excentricity etc. have been assessedwith couputer simulation of CEDAR performances,

3.1.1 Chromatic corrector

The most flexible system is a composite rens with quartz
and salt rings, which d.oes not deflect the centrar wave length (see
Fig' 9,a). By rocating it at various distances to the focal p'ane,
one varies the compensation in relation with the gas pressure. This
solution has been adopted at the unique Drsc count"rl) 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 chromaËic dispersion only d,nepends upon y of the wanted
particle through Equ. 6. Therefore a fixed corrector can be designed
to best compensate for Ëhe chromaticity when the ultimate resol-ution
must be achieved, i'e. for separation of kaons and pions of the
highest momentum. I,rlith deereasing momentum (higher gas pressure) the
chromatic dispersion gets larger and is onry partialty 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. r0.

Thrs solution has been adopted and in order to cure both
transversal and longitudinal chromatic aberrations, t!ùo qtrartz lenses
are needed' see Fig' 9' The first lens can be associated with the mirror,
which becomes a Mangin mirror, (back surface reflecting), (see Fig. 9,b).
This mirror has a central hole of 1oo mm diameter to let the beam through.
These optical elements are shown in real proportions in Fig. 11.

I,,rhen tbe best correction is achieved
only a first order cancellation (the curvature
function n(À) is not the same for He and SiO'

rt
of
nor

stiIl provides
the dispersion
N, and SiO2).
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Thus a second order dispersion remains, which gro!/s rapidly towards
Ëhe uv region. To strike a balance betrnreen maximum light output and
best resolution we have set a cut off at I = 24o rm by means of glass
filters glued onto the exit windows.

3.I.2 Mangin mirror

strict tolerances have been put on Ëhe quality of the qlrartz
blanks (3oo m diameËer and 4o rqn thickness), in which the mirrors are polished.
A path lengÈh homogeneity of À/B 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 inÈerferometry in order to qualify the inhomogeneities in terms of
spherical aberrations and asËigmatism, see Ref. 3. The quality requested
\ras not really met by arl 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 (Fie. L2).

Behind the diaphragm eight simple condenser lenses are focussing
the light onto the photomultipliers.

Table rr shows Èhe main parameters of these optical erements.
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Mirror

Glass

OuËer diameËer

Hole diameter

Radius of reflecting surface

Radius of refracting surface

Thickness

Corrector

Glass

Outer diameter

Hole diameter

Thickness

Radius of entrance surface

Radius of exit surface

Condensers

Glass

Thickness

Radius of enËrance surface

Radius of exit surface

Radial excentricity

TABLE II

Optical parameter list

CEDAX.-ÏJ

Suprasil I
3OO urn

lOO rmn

861O rnrr

6615 unn

4O nun

ù

Suprasil I
320 nrn

150 urm

20 nnl

1385 mm

> 5OOO m

Spectrosil
10 nmr

3OO nrn

30 mm

CEDAR-N

Suprasil I
300 mn

1OO rm

8913 umr

BO74 mrn

40 nmr

Suprasil I
27O ma

15O nun

2O mn

2885 rnrn

> 50OO m

SpecÈrosi1

1O uur

27A tw
@ @

10 nmr
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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 curvaËure. The

system was then tested with a light source put at the height of the

diaphragm, by collecting Ëhe 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 À/15 and simulates a Cerenkov emission.

This double path through the whole optical system gives a high sensitivity
Ëo measure defects or mismatches, which all result in an increase of the

spot size. Such measuremenËs allowed us to establish the focal length of

the system to within one millimeter and once this information lras avail-
able another computer optimization was carried out to define the final
position of the mirror and of Ëhe corrector.

3.7.4 LighË outpuÈ

It is interesting to know that the mirror diametre has noË to

be made larger than 3OO mm, as shor,m in Fig. 74, for the benefit of

off axis partieles, sinee there is no point in collecting more photons

in the already favored sectors 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 W

covered by a protecting layer and a high reflectivity up to 90 Z has been

obtained. All refracting surfaces are treated with Ugfr, (a 75 nm Lhick

layer), for a minimum ref lection at 3OO rrn.

A very good Ëransmission efficiency for the total qwartz thickness

of 1-2O mm is achieved with Suprasil I and Spectrosil A.

All effects contributing to the effective spectrum are illrrstrated in
Fig. L6.

3.2 Mechanical engineering

The pressure vessel (15 bar) is made of an steel pipe with a

diameters 534/558 nm, welded on square flanges to which a nose with
eight guartz windows and PMr s is bolted on the upstream end whereas

a spherical head is closing the dor,msÈream end (see Fig. 27).
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3.2.I Temp erature uniformity

In order to achieve a ËemPerature unifornity of + .1 K

as required in Ëhe most extreme conditions, (see parag. 3.3.1), the

whole counter is packe<l with 100 rmn of polyurhethane foam to

provide best Ëhermal 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 "t. 
f""a"ned onto the nose. I.Iith these

improvements Ëhe time constant for heat diffusion along the counter

is reduced to less than a day and the dayly variations of the external

Ëemperature are attenuated by a factor of 2O. The vessel temperaËure

is monitored by three Platinum wire thermometers located at both

ends and at the diaphragm main flange. Temperature gradients

of AT > .3 K have beerr ruonitored only exceptionally after a

big seasonal temperature change in the halls.

3 .2.2 tr{indows

The beam is%raversing the counter through circular
windows with a diameter of 1OO unn and a thiekness of 0.4 un made of

aluminium alloy (norm AFNOR : AZ5GU). These membranes are hydro-

formed in hard sÈate to reach a radius corresponding to the equi-

librium sphere for the elasËic limit of their material. Samples

have undergone a life test of 2OOO cycles with 1 to 45 bars ex-

cursions and a rise time of O.1 s. The tightness is obtained wiËh

all metallic conËacËs of the membranes on bolted flanges machined

with toroidal surfaces.

The eight optical windows are made of quarxz cylindres
with 45 mn diametre and 1O um thickness. Their ring frame is'made

of stainless steel and Èhe binding is obtained by heating the rings

at 15OoC. When the ensemble is cooled down, a layer of silver is
compressed and produces a perfect sealing. A destrucËive test Inlas

made whereby 3OO bars were reached.
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3 .2.3 0ptical to\^Ier

The supporting structure holding the mirror, the chromatic

corrector and the diaphragm is an isostatic triangular assembly of

tubes bolted on spherical cups. The toriler is straight to within
+ .2 urn wer 4.5 m and has a static sag of .1nmr. It is supported by a

sphere under the diaphragme and is fixed without constraint to the

pressure vessel so that pïessure or ÈemperaËure variations do not

affect Ëhe optical axis. The ring diaphragme is located at the

upstream end of the tor^rer. The mirror f rame, f ixed aL the

dor^mstream end, provides for mirror aligrrmenË in both radial and

longitudinal directions. The chromatic corrector rests on the first

intermediate ring of the to\,ùer and can also be aligned in three

directions.

3.2.4 Ring diaphragm

The diaphragme is composed of a disc with B elongated

apertures and B outer and 8 inner segmenËs moved by right-left

scre\d drive. The segments are bolted on high precision guided

chariots. The B 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). The

opening can be varied between O.O3 mm and 20 mm in steps of

O.O1 rnm with a moÈor locaËed externally Ëo the vessel. A final

check of the circularity of the aperture performed on-an optical

turntable shows radial deviaËions of less than O.O2 rmr.

3.2.5 Alignment table

The fine alignment of the optical axis with Ëhe beam axrs

is made by rotating the whole counter. To provide for this motion

the pressure vessel is supported on Ëhree poinËs : one sphere

located under the diaphragme and two spheres rrhose baseq are resting

on a vee-shaped surface. The alignmenË meehanism made of casted

aluminium has two chariots moved by righË-left screw drive, opening

the vee-surface. The motion of these chariots in opposite direction

ù
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produces a vertical displacement whereas a motion in the same

direction (horizontal displacement) is provided by another screr,ù
drive.

These fine dispracements in H and v directions with a

step resolution of o.01 unn provid.e an angular positioning within
4 prad.

TABLE II]

Mechanical parameter list

0vera11
length
width
height
weight

Beam windows
material
diameter
thicknes s

Optical toweï
lengrh
sag due to gravity
thermal. expansion

Diaphragme
azimuthal opening
radial opening (tD)
opening accuracy

Alignment Ëable
x, y range
Ax, Ay accuracy
angular resolution

620O uun

92O rnm

2690 rnn
2.4 x

Aluminium al1oy
1OO run
O.4 rnn

45oo nun

.1 mm

. 05 mm/K

8 x 42.60
Oto20um

. O1 mrn

-4.3 xo +4.3 nmr

. O1 rmn

2.3 prad
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3.3 Gas controls

rn order to achieve the best mass resolution, the index of re-
fraction must be uniform in Ëhe 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 rempera-
ture has to be kept constant in time. The second condition requires
a perfect tightness of the vessel and,for 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,
sây, ten times smaller than Ëhe ultimate resolution p = 10-6, in
order to match the quality of the optical system. one therefore
aims at keeping the index of refracrion withi" I 1 Lo-7. Alrhoughn
it is possible to build a refractometer with this resolution (see

Ref. 4), it was not fclË desirable to have refractometers of that
quality and complexity attached to each of the twelve CEDAR counters
operaÈing in the sPS areas. rt was instead chosen to monitor the
density of the gas through pressure and ËemperaËure. rndeed tTiè

index of refraction can be deduced from the density since a unique
gas is used with each type of counter.

The index of refracËion of a gas can be expressed in
terms of elecÊron oscillators as :

Nq 2

e kf.
n-1=

n-1=(

e m t
K

2
oJr -K

') ( 18)
(.ù + 1 Yk,r)

where N is the mrmber of atoms per unit volume, see Ref. 5.
Clearly n - 1 is proportional to the gas density and, using the
perfect gas equaËion, this can read :

o

n
o - "(#) Ë (1e)
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lrhere P and T are the actual Pressure and temperature and

n is measured at P = I bar and T = 293 K.ooo
The error propagation obtained by differentiation of Equ. 19

reads :

An (n-1)
n n Fel 1 zo)

Since

P and

n 1

n
1

3000 , (see Table tV), the accuracy needed to monitor

T is 3OOO times less Èhan the accuracy requested to measure

direcÈly n .

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

luËions are listed in Table IV below'

TABLE IV

Tolerances and accuracies for gaseous state

U

(mrad)

In practice the measurement of the temperature is straight-
foreward but the precautions explained en Chapter 3.2. ate needed

to obËain a uniformity of. temperature along the vessel. To measure

Ëhe pressure a precise insËrument is required, which is calibrated

in the laboraËory with a reference refractometer-

The slight contamination of the gasses

of the windows or corring from outgassing of

be dealt with.

(N^ or He), due to leaks

Ëhe counËer vessel can

c,5DAR
type

n
n I

Ul timate
separation
GB /3 ) sep

Corresponding accuracies

LB lg A n/n AP lP AT

irl 30. 9 2095 -65x 10 -75x 10 5x 10-7 10-3 o.3 x

N 25.8 3005 -610 -710 10-7 3x 10-4 o.1 K
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3.3.2 Gas pressure monitoring and absolute calibration

The heart of the pressure control is a very accurate
pressure transdueer6) which provides an electrical wave forn with a

sÈability of 1O-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 ouËer one. A spool body internal to the inner cylinder
holds small electromagnets which drive Êhe vibrating cylinder and

pick*ups to deËect its motion and frequency. The space between the

two cylinders is evacuated Ëo give an absolute pressure reference.
ihe vol,me between the inner cylinder and the spool body is pressurized
with the gas to be measured and this causes the cylinder narural fre-
quency to increase. The frequency is detected by Ëhe pick-up which
provide a square wave voltage whose frequency is proportional Ëo

the pressure of the gas.

The whole transducer is thermostatized at 40 + O.5oC

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

Each pressure tïansducer is calibr"a"d7)t'by means of a

Rayleigh-type refractometer in the laboratory. For each pressure
point the index of refraction is established by counËing the

fringes for the optical path difference between an evacuated cel1
and a ce1l 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 inËerpolation
by means of an artay of sixteen light diodes.

The frequency response of the Hamilton
not linear in pressure and a fit is made for each

ducer of a polynomial with six p"rm.t"r17) .

transducer is
trans-
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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
feeding line the pressure is automatically kept at a value p + O'5

P

with a spring biased pressure regulat.or. Sinilarly a pressure of
P^ 0.5 is maintained on the ouËlet branch so that equal guan-

o
tities of gas can be let in or out by activating on/off valves for
a conËrolled time. In this way the gas pressure can easily be computer

controlled. A gas expansion of less than 0.51P at the inlet is iurpor-

tanË Èo keep the temperature uniformity needed for the best resoluËion
(see parag. 5.3,vi).

ù
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4. LAY-OUT ELECTRONICS AND COMPUTER CONTROLS

4.I Lay-out

The angular accepÈance of CEDAR eounters is very small

when the light diaphragrn is closed to insure best separation.

Therefore the SPS beam have been designed with a very parallel
section (large beam dimensions and smal1 divergence in both H and

V-planes) for the installation of CEDAR counters, in order to
optimize Êhe counting efficiency.

One or two CEDAR counters can be installed in such sections

and the basic lay-ouË, shbwn in Fig. 18, consisËs of :

2 scintillation counters XTRI 1, XTRI 2 (@ 1OO uur, 5 urn thick
NE 110),

1 anticounter XANT (with a circular hole of 0 lOO rmn) in front
of each CEDAR,

1 two-plane (horizontal and vertical) analog wire chamber Xtr^ICA

2 pairs of f ilament scintillation counters9) Ot.

The two XTRI are used in coincidence to define the useful
beam region. The counters XANT are use"à to veto halo parÈicles
which Ëravel outside the useful beam (ttreir use is recounnended when

working aË beam intensities of 5 x 106 or more). The wire chambers

XI,rlCA are used to measure the beam position and size aË the CEDAR

during the Ëuning of the beam. The Ëwo pairs of XFS (horizontal and

verÊical filamenÈ beam scanners) are finally used t.o adjust the

beam direction and paral1elism, by operating them in coincid"rr."9).

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

data taking, (remote control).
\.

4.2 Electronics for signal treatmenË

The block diagram of the electronics associated to each

CEDAR is shor,sn in Fig. 19.

The signals from the B photomultipliers are first shaped

by fast discriminators operated aË low threshold to detect one

single photoelectron, and then split inËo tr^ro r^/ays.

B )



LL-

One way is sent to a majority staËe logic uniÈ where

three levels of coincidence (6, 7 and 8-fold) are provided and sent

to Ëhe experimenters, usually in anticoineidence with the XANT

signal.

A parallel outpuË of the discriminators is used for the

diagnostics of the insËrument. The signals of each photomultiplier
are sent to a strobed coincidence unit and recorded on B scalers.
When the Ëwo XTRI trigger counters are introduced in the beam,

their coincidence signal is used as strobe input, the counts read

in the B scalers give information on the efficiency of each photo-

multiplier and on the sizâ and position of the light ring image at
the diaphragm plane.

To complete Ëhe CEDAR diagnostics,- Ëhe eounts of the 6, 7

and B-fold majorities are also recorded ; they are used Ëo evaluate

the average number of photoelectrons NPE seen by the photomultipliers,
(NPE is deduced from the raËio of Ëhe rates counted at the three
levels of coincidence, see Appendix A), and to measure Ëhe 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
insËalled in the experimenËs counting rooms via a set of control
and diagnostic programles.

A series of interacting progranmes has been written to help

in tuning and operating each CEDAR. They can be run under Ëhe TREE

associated to the beam line in use. The sequence and Ëhe several

options are listed below :

{munr$. --- / --- / ---lusrscrorts / / / ---lnncx : pEr

{nurpcd cEDaR/--- / --- / ---------------- / : cEDAR

#ceoAR+ s rArus / sE TUp / rIrNE /MEASITRI - --- - / rl.cr

EFFICIENCY
SCAN

PRESS
MASS

DIAPHRAGM
ALIGNIÆNT

TRIGGERS
PMS
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A descripËion of the subroutines is given in the following. The algo-
rithm used is as collected in Appendices A and B.

STATUS : is an acquisition programne which reads and displays the

parameters of the deÈector useful to its control and operation. A typical
example of its write-out is shor,rn.

iilÊi: IH Iiiii t:iÊH, i
i:rilrlÈ : I

f rlt!ËE t STliT||S/StÏtjFiTLll{t/fitAiil[Et / / t /Eit#,t,51

iTiiTr,l:; ûi I r-:iltÊFr - I t Iii t:iÊil HË fiT -l5ri lii..i l3i,Z-94-ii-.:-i1, Êi
+È+*+i+*i+i++++ii+*+**+++**ti**+t+*Ètt*****+Ê+*+*t!++++t***+ti+it+*ifii*

t rrti._1 Iiiii*1 É

T,i!! - :'i il r:,rir!FiL _ ii,Â! llltJ
i!igi-:1lit-ft"!r: fi\"- 7i L1 lftii'1r iln::::!!i!4.. t.-t tJL - Ji. M !L! J r:$!ti - L::_1i t.:i!i

lhl +!- Ê:4 : !-r! |È Fi:iii Èliii fi'riti t FËiii= ig lZif tEfri:l i'ai;==

i iii'i-riii-i E illfiitljiii=1.d. !ii.t iiÉiiI Ëiiiii:t =ii.|i:l: ii;ij
Flillii=!.r. ilrl GiF:l il*tli5 =1iJ.7,47, i!rtF:l i'tiliililï=lÉ ;ir iitiil

iriÊiti:iii= l.+# iHHl i li"rt. i: =').?,i [fifii + ';:ii;f. i : iË iiii
! il?:ln-in nn,l E -?,, j.rf ..È lF.li:i!.i,; i+.1. E if;i'rlil;.l iir,l i I

È iii; ; iff i ifj=:i.tFi-1 iFF,i iij"i.1Éi-l iFF,i ii;j=4.iii-!
Tnri'iTni _:, ar.-:_i.._:!Lir fit !j I il _i- !J

+ +* + Ê * + *i + * Ê+ i ** + +* + t * + + i:* i* É *t * * !: + !:* Ë + *:i * * + i * +++ i** *+* t +* *+* +** + * t *** *È
riilIlrLl-if i I, irl,L i i:

^

*has rsL{PS* gives the gas remperarure in three secrions
of the vessel; their average value is used with the gas pressure Ëo

evaluate Ëhe actuel index of refraction of the radiator.

The body temperature of Ëhe pressure transducer (Section 3.3)
is also given. A warning message is issued in case of abnormai value since
in thaÈ condition the Ëransducer information is wrong
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ftruSS Atln uASSf gives the actuel average gas pressure and the value

of the mass on which the detector is presently Ëuned.

ftass-fnrSSf gives the gas pressures which should be used, accordingly
with the acËual gas temperature, to tune the CEDAR on the masses of e,

ilr n, k and p for the current beam momenËum.

*r"foron PoS+ gives the light diaphragm opening and the position (hori-
zontal and vertical) of the alignment tab1e.

ftnrccen 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.

hUS* evaluates dne 6, 7, 8-fo1d eff iciencies from the measured average

number of photoelectrons per PM (NPE) -Appendix,A: : and from the

beam inrensity (TRIGGERS).

SETUP reads and displays the parameËers (delay and PM high vol-
tage) of the triggers associated to the CEDAR (TR) and those of the

CEDAR itself (PMS). Both subroutines al1ow to switch OFF the PMrs H.V.

or to restore them Ëo the reference values. The TR branch also permits

to Ëake the triggers ouË ofùthe beam, when the CEDAR is ready for data

taking.
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TIINE is an active prograume by which arlows to tune the GEDAR through
the routines

PRE S S /MAS S /D IAPHMGM/AL I GN}fr NT

PRESS The currenË gas pressure is measured, then a different
value in the permitted range can be reguested. The new value is
measured aÈ Lhe end of
explanatory.

the operation. The write-ouË is self-

MASS : The mass which could be deËected with the current varue
of the index of refraction is evaluated (Appendix B) together with
iËs uncertainty, then a new varue can be asked for. The wriÈe-out
is similar ro pRESS.

DIAPHMGM : Same as for previous rouÊines.

ALTGMENT : Allows Ëo align the optieal axis of the detector o'
the average beam direction. This is achieved by using the xy align-
menË table (section 3.2.5) which supports the d.ovmstream end of the
counter. Sh" range of displacement of the Xy table is + 4.5 nrrn with
an accuracy of o.o2 unn in both directions, which allows to move the
CEDAR optical axis inside a cone of I mrad semi-aperture with an
accuracy of 4 urad to geË the besË matehing with the beam direcËion.
A typical print-out of this routine is shor,m below.

BLiGlifriHI lilÊÊ - I - Il{ BtriH i|É ÉT _t5fi ûifr0 f.t3?_g4_rr_rr,r,fr**ii*++t**+*+r**+*r*++***+*rr+t*tt**f+t**t***fit+**r**+***++*+*I+***i*
f ïF.ltttFS Fû9. I IFiiËËtÊS ÉFii Ili

i,ti[s:;=lË.3iiir igÉ[i Hiii = .4Ë:r +i_ .,Éii t[Eir]

IF:llj;i[E: = i. B:;iÊ, iiiliFH: 2. irr

inti I Tg IHf;]
.5+ tlifil
.?"9 lhij.

ti ut

ltt I I

I

{

{

c

'! U'É t|'r',

i++É*+i++

15 i4
5i

il ii

2 FË .'iiûli
++*!++**:i*

llit

I H,1

iL) I3:i .ii i[]
fç

ilii

i'lliËir ôl lr.trËrirr /uri,rF,t

i;,'L = . 6l
ii.'l = i. Éf
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First, the two triggers are positioned in the beam and Ëhe actuel

sËaËus of the deËector is given (gas pressure and motor positions).

The counting rate of Ëhe eight PMrs, normalized to the beam ln-
rensiry (TRIGGERS) are then displayed from I to 8 following their position

on the counter (beam enËering Ëhe screen).

The raËios

2+3 1+B
, 4+5

U

D6+7
R
ï

are shor,rn in Ëhe central part, while in the right part of Ëhe screen the

eight counting rates are grouped (R = 2 + 3, etc.) and norma1-ized to the

average of them all-.

ù
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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-fo1d counting rates
normalized to the beam toral intensity (TRIGGER); the relared
efficiencies evaluated as described in Appendix A are then shovrn.
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- SCAN offers the choice beËween a pressure scan or a light
diaphragm scan at a given gas pressure.

P-SCAN is a prograrmle which performs a gas pressure scan between Èr^7o

given lirnits and with a given number of steps. AfËer 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 evaluaËed from the three

najorities (see Appendix A) and it is quoted together with the ratio R

between the two results for NPE which should be tu I in case of good

sÈatistics.

A typical print-out is shovn in the following, where the gas

pressure sc4n has been performed decreasing the CEDAR pressure in order

Ëo perËurb as little as possible the thermal equlibrium of the gas. The

scan limits have been chosen in order to locate the K+ and n+ peaks.

The slight differencies between the pressure values corresponding

to the peaks and the theoretically predicËed ones are due to changes in
the gas purity and can be duly correeted.

i[[Êft$ ]. iil giilfi Hi :,tÊii itiÛii iÛ,i;55 IÙ ]0,2,5 iirÈft1 1991-tl9-î{-16:rt5
nr.nr,Lrer1f'\i - .ro !-E-ri'! r-ifiliiilT!!t'l' ?qn t:FU"i' !TFP= -1,75 ti'{P'AR]
!_r!HfFL:ti:i i - ,!., iltllJ !lYltLt!l!rl
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LD-SCAN is a prograrnme which scans the light diaphragm opening while

sitting on a fixed gas pressure, Ëhus operating the counter like a

threshold one.

The display is the same as fïom the pressure scanning subroutine

and it can be used Ëo determine the maximum opening for the light
diaphragn to avoid counting unwanted particles while allowing the best

possible efficieney.

A typical write-out is given below where the light diaphragm of the

CEDAR sitting on Krs is open"a "t"p by step until light from lTts and

finally from pts can be registered by Èhe PMrs.

ù)
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5. PP.ACTICAL OPERATION

When a nerâr experiment is setÈing upr
the CEDAR(s) in condition to operate and a
the users how to do it themselves.

EA experts help putting
Ë the same time instruct

5.1 Particle s eparatron and CEDAR resolution
The separation in millirueters of cerenkov light rings at thelight diaphragm is shor,rn as a function of the beam momentum and forvarious particles in Figures 20 and 21, In ord.er to get a goodparticle identification, this separation must be larger than thewidth of the light rings for which the two main contributions arealso shor,,rn in Figs 20, 2T.

Example : for a GEDAR-N set on kaons at 200 Gev/c one reads fromFig' 21 a light spot of 46 pm, a multiple scattering effect of85 um and a distance to Ëhe pion ring of 400 pm so that a LDopening beÈween 2OO pm and 4OO pm would be adequate.

closing the light diaphragm gives a berter rejection of theunwanted particres but a worse efficiency of counting the goodones' especiarly, in presence of beam diverguiÈ"".

5.2 Efficienc v

counting efficiencies depend upt-rn various tactors : status ofoptics and of photomultipliers, LD opening, gas pressure and beammomentum' angle of the parËicle trajectory (due to beam divergenceand GEDAR alignment), and choice of the coincidence levels 6, 7 0r8-fo1ds' The average number of photoelectrons, 
',E, 

seen by aPM is re'lated to the counting efficiencies by the relation given inAppendix A and shown on Fig. g. The 6-fold reaches a high efficiencyalready with NpE = 2, whereas rhe B-fold hardry gou" r.lor;-;; ,for NPE < 3' Typical numbers of photoelectrons are between 2.5 and3 for a 
'EDAR-N 

and between 3 and 3.5 for a cEDAR-lr, with LD wide open.PasÈ experience indicates that the 6-fo1d has a rejection por4rergooâ r"o'gh for practically 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 bearn diver-
gence is larger than the angular acceptance of the counter, Eiven by the

LD setting divided by the focal length. At very high energy, where

one mighÈ have to close the LD to 0.1 nrm the acceptance is
0.1 min/3.88 rn = 26 urad for a CEDAR-N. Keeping a beam parallel to

this level of precision requires a lot of attention. In the best case

there wilI always be some tail in the divergence distribuËion for
which the counting efficiency is lower.

As an indication of Ëhe efficiencies one can reach in practice,
we give in Table VI the measured values obtained in an experiment

which measured absolute values of target yi.1a"lo) tith
4OO GeV/c protons. The H2 bean had been carefully optimized for
those CEDAR measurements.

TABLE VI

Efficiency of CEDARs as measuTed in R-ef . 10.

c2
Energy,

polarity
(ceV/c)

pT

(GeV/c)

c1

LD

(nrn)

Efficiency
(3)

N\nnber
of points LD

(rnn)

Efficiency
(?)

hiurnber
of points

-60
0
0.5

o "62
2.52

85.2 t 0.6
96.6 I 0.3

3
3

0.62
2.52

66
93

6 t 0.6
7 i 0.15

3
3

+60 0
0.5 2 -52 96-9 t 0.3 1t1 94.0 t 0-5 6

-720
0
0.3
0.5

1.24 95.7 t 0.18 I r.24 92.5 x 0.23 9

+I20
0
0.3
0.5

7.24 94 -85 ! 0.27 I I .24 91-13 t 0.54 9

-200
0
0.5

0.23
0.23

80-0 t I.8
66.2 : 2.0

3
3

0
0

23
23

69
7T

5 t 1.5
8 r 3.3

3
3

+200 0
0.5 0.31 86.71 I 1.3 3

0-25
0.51

78.34 1 0.5
77.6 ! 7-O

3
3

-300
0
0.5

0
0

13
13

58 .2 t 0.3
56.2 i 1-5

3
5

0.13
0.13

50 .6
48 .9

t 0.4
t 1.5

3
3

+300 0.5 0.13 64.5 t 1.0 3 0.13 s6.s \ 0-s 3
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5.3 Procedure for Ëuning and setting-up a CEDAR

i) The allelism of the beam must be tuned to provide a beam

divergence smaller Ëhan the counter accepÈance' see para. 5.2.

ii) In order to insure an easier operation of the trigger counÈers

and of the CEDAR during Ëhe tuning, beËËer keep the beam

intensity below, sâyr to6/s by collimaËing the beam size without

altering the beam divergence ât the CEDAR.

iii) print the STATUS of the CEDAR to check its current pressure'

temperatures, etc, and to read Ëhe nominal values of pressure

corresponding to the different particles. Then set the pressure

for the most abundanË particle (proËons in a positive beam,

pions in a negative one).

iv) open Ëhe diaphragme (LD = 20 rm), using the prograrrre ALIGN,

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

rhe raËios PM/trigger should all be about 90 7", (if the beam

energy is high enough so that all the light rings of ï, k and

p are falling inside rhe diaphragme opening (Figs 2o arld 2L).

The rarios of PM efficiencies right /tett (RlL) and top/bottom

(T/B) obtained r?tfr tn. open diaphragm are to be kept as reference.

Alien the CEDAR in the beam in order to optimize iXs perfor-

mances. This is achieved by trying to reproduce the. same

values of R/L and T/B afÈer a reduction of the diaphragme

opening. Better take a felr steps to go Èo Ëhe wanted LD, since

the alignment gets more and more tricky with smaller diaphragmes!

The real opËimum is reached when Ëhe values n/L and T/B are

the same as for the wide open diaphragme (point iv) above) and

the NPE is simulËaneously at a maximum. One should not worry if
the efficiencies of the right and left PMrs (2, 3, Ur.,t) are not

v)
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the same as the efficiencies of Ëhe top and boËËom ones (1, 4,

5, B), this could be due to different beam divergences in the

horizontal and verlical planes. But if the overall efficiency

is well below what would expected for the particle on which

the alignment is done something more fundamentâl should be

checked like the pressure.

vi) The nominal pressures given by the progrannnes might be slightly
rirrorlg due to a gas pollution by air or vessel "ouËgassing. A

pressure scan is the best way to check the correcË pressure

setting. This is a lengthy procedure if one intends to go

Ëhrough 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 perfecË thermal

equilibrium in the gas radiator. When the vessel pressure is

increased by a gas inlet there is an overall adiabatic Ëemperature

increase plus a local inlet of cool gas (expansion at the

valve). The latter effecË is dangerous because of the long time

constant (about one hour) needed to reach Ëhermal equilibrium,

which is due Ëo the length of the counter. But when a gas

outlet is made, there is only a genefal decrease of temperature

followed by an equilibrium reached with a time constant of Ù

15 seconds.,Therefore, with AP = - 3 mbar between points an

accuracy of 1 mbar worrld be reached only if one waits 15 s before

each mesurement. A scan done at a higher speed will neither reach

the ultimate resolution (best dip beÈween. peaks) nor give the

exact pressure to 1 mbar accuracy).

In sunrnary 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 2C and 21) and with a

number of points large enough to get a smal1 AP between tI^7o

measured points. Points are currently measrrreà every two cycles

of Ëhe SPS with a time interval of typica]-l-y 24 s.
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As an example Figs 20 and 2I show a pressure scan around the

I and k peaks, made with two different values of LD. Only

the 6-fo1d majority signal is plotted since it is most in
use, except for some speeial cases (see parag. 5.6).

vii) I'ine tuning of the LD. If the particle separation is noÈ

sufficient, close slightly the LD and make another pressure

scan. If instead it is 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. SeË the pressure on Ëhe selected particle
peak (measured as in point vi) and then ask a LD-SCAN from say

O.O5 um to twice or three times the particle separation. The

ouËput, 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 FLg. 23 has been decided

after doing first the pressure scan with smaller LD, also

shown inEig.22, and then the LD scan shornm in Fig.24.. In
this particular case the beam divergence was 50 prad FhrHM in
the vertical plane and 12O prad in the horizontal p1ane.

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 pressure, but also upon

tempeïature (in fact, upon P/T, see parag.3.3.1). The prograurne MASS

is meant to help there : just keep the wanted mass and restore

it using the progranrne if the value has shifted.

When operating at the utnost resolution, it is necessary to

make a pressure €can to check the centre of the peak as indicated

in parag. 5.3 vi) above. The gas pressure at the centre of the peak

corresponds to a value of mass (read via the MASS or ST\'TUS programmes)

slightly off the knovrn particle mass, because the gas purity is never

perfeet. This fictitious mass value is to be kept during daËa taking.
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eration at high beam rntensi ty
.EDART s set on minority particles have been operated satisfac_torilv in beams wiÈh rotar inrensiries exceeding 5 * 107-o;;;;"r"s/second.As mentioned in parag. 5.1 such intensities are often achieved bysacrifying somewhat the beam parallelism at the .EDAR, so that thecounting rate of the individual pMr s can be much larger than therate of the wanted particles. Even under those conditions the pM,sdo tolerate single counting rates of Lo7 counËs per second. Theefficiency depends strongly on the relaËive values of LD and beamdivergence.

5.6 Selection of electrons and muons

Electrons and muons

in hadron beams.

are often used for calibration

A .EDAR-N can separate electrons from pions up to 60 Gev/c -but then the use of the B-fold coincidence is necessary, seeFig' zs' At lower energies, of course, the separation becomeseasier' one may use the 6-fo1d and also a cEDAR*Irr. Figures 20 and21 will help in assessing the perforoBn". at a given energy.
The same can be said for the separation of muons : Fig. 26shows a GEDAR-N scan in which eleeLrons, muons and pions are werlseparated in a 20 Gey/c beam.

purPoSes,
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APPENDIX A

Statistics of patÈern recosnition

Assuming thaÈ the number of photoelectrons deÈected by a photomultiplier

follows a poisson distribution the probability of missing an event is

p, (o) = e-0 (41)
a

where n is Ëhe average number cif photoelectrons, and

-s,k
PO(k) = + (az)

is the general term of the distribution.

Of course, the efficiency of one photomultiplier which detects on

average 0 photoelectrons is

I

-0)1 - Po(o) 1-e (A3)

ù
When eigh'i photomulËipliers are looking aË the same event with equal

efficiencies n and equal chance of not seeing it, say, € = 1 - Î Ëhen

the probabilities of various le,vel s of coincidence can be seen from the

binomial expansion:

B B + 8 n7e + 28 rr 612 * 56 n5e 
3 + 7" n4r4 * 56 n3e50-l + e ) -n +

z|n2e6 + B ne7 + e B (a+1

The first Êerm in the right hand side of Equ. A4 is the probability of

the eight photomultipliers flashing (eight coincidence leve1), '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 wriËe the following

probabilities for differenË levels of coincidence :
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ng n

n7

I

nB*Bn 7
e

n6 117 * 28 n6.2
(As)

n5 n6 * 56 n5.3

From measured values of these coincidence 1eve1s one can deduce the

average number of phoËoelectrons for the wanted particles 0 as follows

n7
1+BI (ae I

nB

where I = e -Q/ (1 - e-0) and conversely

0 ln(1 +I)-lnI (A7)

And from Equ. A6 and A7 one has

ô ln

Sirnilarly with n6 one can write

and solving for I gives:

t - 
"rd-=-]

-2

(AB)

(ao1

(A1o)

(A11)

n6

ng
T21+BT+28

-2+ -7(1-nalns)
I

and finally, using Equ. A7 one gets

14

0 1n 1+ (1 - nolns)4-7
T4

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

check.
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The following

o, P, T =

Pr m =

a=
k(À) =

|J-

n

APPENDIX B

Aleorithm for computer control of the index of refraction

symbols are used :

?
density (g/"*'), pressure (bar), absolute temperature (K)

of gas

momentum (GeV/c) and rest mass (GeV) of detecËed particle

gas constant (.*3/g) for a given light wavelength
rr rt (K/bar) rr rr rr tr rr

Cerenkov angle

index of refraction of CEDAR radiaËor.

1. Basic relâtrons

From the definition of Cerenkov angle, the refractive index is

n=

n-1

m=p

1
gcos0

/ t + (n/p)z
cos O

1 + (m/p) 2

(81)

(82)

(83)

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

ù

ap=
p

kT

Given the angle O* defined by the optics of the iostrument !ùe can

derive frou (81) and (82) the gas pTessure needed to deËecË a par-

ticle of mass m and momenËum P

P
cos 0

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

a mass m which satisfies the relaÈion

T
k -1+

('
2D

.I* kT')*
-I+cosO (B4)
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From (83) a lower limit for gas pressure is defined by the

condition of having Cerenkov light produced at angles O > 0
*

T'
mtn I ," - 1).i,

1_
I&r

cos O

(Bs)

(86)

(87 )

(BB)

where

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

The relations (83), (PO) and (85) are evaluated in the CEDAR control
progrannes taking into aceount the actual average gas Ëemperature T

2. Limits on mass definition from measuremen
errors on P and T

Frorn (84)

(*)Am AT

JJ

where AP and ÀT

and T

are the measurement errors on the gas parameters P

Derivation of (84) gives

+AP
&

#)

ù

âmP
-=--ATT

*
Em kcosO 2

âP T
1 + (m/p)

The mass uncertainty is then

)

(*

âm

ô?

"ï,_,_ (#)

Am tu +
KP
T

2P cosO
m

& ÀPt AT*
P T

The functions (87) and (B8) are plotted vs particle momenÈum in
Figs
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Some numerical evaluations of the above defined quantities are

collected in Ëhe following tab1e, assuming

= 293.16 K (zooc)

= 3OO nm.

T

À

CEDAR type

gas

k

0

P
ml_n

P
max

(n-1)
ml-rr

AP

AT

AP

AT

(+)

(++)

Pmax
max

Ref.7)
As from Table IV

+(^' +)

I,J

N^
z

_,
8.44665 x Lo '

30. 9

1.647

8

_t,
4.745 x 10 *

'L.6

+ 0.5

+ O.O2

1+

0.3

He

-3 (+)
9.59168 x 10

15

mbar

+ mbar

instrumental
errors+ O.O2

mbar

N

-4

3
ù

K

I

K

25.8

3.329 x 1O

o.1

<+2

10.175

K/bar

mrad

bar

bar

requested
accuracies (++)
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FIGURE CAPTIONS

Fig. 1

Fig.2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. B

Fie. 9

Fig. 10

Fig. 11

Fie. L2

CEDAR counters installed in a secondary beam lines

Schematics of the optics of a differential Cerenkov

counter

Velocity difference A8/B vs momentum for various pairs

of particles with masses m, and m,

Photon distribution in the plane of the diaphragm

(the shaded areas represent the diaphragm opening)

a) Good alignmenË

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

c) Missalignment

d) Effect of the beam divergenee

CEDAR efficiency as a function of beam divergence

Multiple scattering for CEDAR hlest (gas : Nr)

Mr,SJtiple scaËËering 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 qlrartz lenses

a) CEDAR optical elemenËs enlarged to show Ëheir real
shape and located in a distorted drawing of the
optical trajectories.

b) CEDAR optics on real scale

CEDAR resolution. For both CEDAR-I^I and CEDAR-N thè
chromaticiÈy Â*"n, and its remanent value after correction

^R 
-, are compared Ëo Ëhe separaËion between pionscot'

and kaons AR, and the effecË of the rnultiple scaËËering
krT

undergone by the beam ÂR*".

Scatter fringe interferogram taken at the functional focus

of Ëhe Mangin mirror.

Diagraurne of light path for optical test of the assembled

sys tem.

Fie. 13



Fie. L4

Fie. 15

Fie. 16

Fig. L7

Fie. 18

Fig. L9

Fig.20,2I

Fig. 22,23

Fig. 24

Fig. 25

Fig.26

Fig. 27
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Effective radiator length f.or a ho1low mirror

PhoËon distribuÈion on the mirror from a particle
belonging to the edge of the beam.

Light production, transmission and detecËion versus
photon wave length.

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

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

Block diagram of CEDAR electronrcs

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 o) and
the dashed line gives the contribution to the light
spoË of the multiple scattering (4 6).

Fig. 2A : CEDAR-tr'I, Fig. 2L : CEDAR-N

CEDAR-N pressure scan showing the tT/k separaËion in
the H6 beam running ax -L75 GeV/c for two LD settings

Fig. 22, LD = O.5O mm

Fig. 23, LD = 0.71 nur

LD scan wiLh pressure set on the kaon mass. CEDAR*N

in beam H6 as for Figs 22 and 23.

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

Pressure scan for CEDAR-N showing Ëhe separation of
electrons, muons and pions at +2O GeV/c.

General mechanical drawing.

ù
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