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Chapterr 3 

DELPHII RICHs 

3.11 Cherenkov radiation 
P.A.Cherenkovv and S.I.Wawilow [16] first showed that charged particles moving in a trans-
parentt medium may, under certain circumstances, produce electro-magnetic radiation. This 
Cherenkovv radiation was theoretically interpreted by I.E.Tamm and I.M.Frank [17]. The 
radiationn is emitted by the medium under the action of the electro-magnetic field of the par-
ticlee moving in the medium. In particular, electro-magnetic radiation with a frequency u> is 
producedd when a particle has a velocity v that exceeds the phase velocity of waves of that 
frequencyy in the medium concerned: 

v>c/n(u),v>c/n(u), (3.1) 

wheree TI(UJ) is the refractive index and c is the velocity of light in vacuum. The radiation is 
emittedd in a cone of opening angle 28c: 

cos6cos6cc = c/nv. (3.2) 

Itt is distributed over the surface of this cone. The emission of these electro-magnetic waves 
involvess an energy loss by the moving particle1. The intensity of the radiation in a frequency 
intervall  duj is : 

(J(J e' cz 

^=^-(1-4^)-.^.. (3.3) 
'Itt is a fraction of the total energy loss due to the work done against the force exerted on the particle by 

thee field which it produces. The value of the effective electric field is the difference between the field which 
wouldd be present if the particle was moving in vacuum and the field in the dielectric medium. Although the 
dielectricc permeability is assumed to be real (the medium being transparent), it actually has a small imaginary 
partt around  ̂ - 0. This is responsible for the small energy loss due to the Cherenkov radiation. A detailed and 
simplee derivation of this is given by L. D. Landau and E. M. Lifshitz[ 18]. 
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QQ is the charge of the particle in units of the electron charge e. This radiation is emitted in 
ann angular interval 

cc dn , 

Thee number of photons in a given energy interval AE, for which the medium is transparent, 
iss obtained by integrating (3.3) over the corresponding frequencies and over the time interval 
duringg which the particle traversed the medium of length L. The result is : 

ANAN = -?— Lsin2ÖcAE (3.5) 
en en 

aa is the electro-magnetic fine-structure constant, h is Plank's constant, L is the length (in 
cm)) of the particle path in the radiator medium. 

3.22 The ring-imaging Cherenkov technique 

Fromm formulas (3.1)-(3.5) the following properties of Cherenkov radiation can be derived 
thatt are relevant for particle identification : 

1.. for a particle of mass m and given refractive index, n, there is a threshold velocity 6th 

(i.e.. momentum pth = mf3th/y/l - Pfh) below which no radiation is emitted: 

771 1 

I3I3tktk = 1/n i.e. pth = (3.6) 
V rr — 1 

2.. for a given refractive index, the cone over which surface the emitted radiation is dis-
tributedd has a maximum angle, hereafter called saturated angle. It is reached when the 
velocityy of the moving particle is close to the speed of light in vacuum: 

cos9™cos9™xx = \/n for 3 - 1 (3.7) 

3.. the number of emitted photons is proportional to the sine squared of the Cherenkov 
angle,, which is itself a function of particle momentum. It is also proportional to the 
pathh length of the particle in the medium : 

NNphph DC L sin2 0C (3.8) 

4.. the angle Bc depends on the frequency of the Cherenkov radiation, since n is wavelength-
dependent,, due to chromatic dispersion. 

Thee Ring-Imaging Cherenkov technique, using UV-photon (E-, ~ 7 eV) detectors was 
firstlyy proposed by Ypsilantis and Séguinot [19]. It initiated the development of the DELPHI 
RICHH detectors. The design principle as illustrated in Figure 3.1 is the same for Barrel and 
Forwardd RICHs. It can be divided into two parts: photon production and photon detection. 
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Figuree 3.1: The working principle of the Barrel RICH 

Photonn production 

Inn order to perform particle identification over a large momentum range of 0.7 < p < 45.6 
GeV/c,, the RICH contains two different radiator media. One is a liquid perfluorhexane, 
C6F1 4,, that is used as the liquid radiator for both RICHs, while perfluoropentane, C5F12, 
andd perfluorobutane, C4F10, are used for the gas radiators in the Barrel and Forward RICH, 
respectively.. The properties of these substances are given in Table 3.1. 

Radiator r 

C4F10 0 
C5F12 C5F12 
C(,F\4 C(,F\4 

Boilingg temp. 
[°C] [°C] 
-2 -2 
28 8 
57 7 

n n 
a t7eV V 

1.001530 0 
1.001720(40°C) ) 

1.283 3 

An An 
n-1 1 

6.5-7.55 eV 
3.5% % 
3.0% % 
3.3% % 

PthrPthr [GeV/c] 
7T  K  pp 
2.55 8.9 17.0 
2.44 8.4 16.0 
0.177 0.6 1.2 

Umax Umax 

[mrad] ] 
55.3 3 
58.6 6 

677.1 1 

Tablee 3.1: Some key properties of the DELPHI radiators. 

Thee liquid radiators are used to identify particles with momenta below ~ 8 GeV/c. The 
gass radiators are used for identification of the particles with momentum above ~ 2.7 GeV/c. 
Figuree 3.2 shows the Cherenkov angle as a function of the particle momentum for different 
typess of particles, both in gas and liquid radiators. The Cherenkov light from the thin liquid 
radiatorr is projected onto a UV-sensitive photon detector, which converts UV-photons into 

gass radiator 
C5F12 2 

photonn detector 
withh TMAE 

photoo electrons 

liquidd radiator 
C6F14 4 
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Figuree 3.2: The expected Cherenkov angle versus momentum for two different materials, liquid 
CQFUCQFU (n= 1.283) and gaseous C^Fyy at 1030 mbar. 

photoelectrons.. The photoelectrons appear in ring-like or parabolic configuration, depending 
onn the angle of incidence of the particle. Focusing parabolic (Barrel RICH) or spherical 
(Forwardd RICH) mirrors reflect the Cherenkov light from the gas radiator and project it on 
thee same photon detector (see Figure 3.1). 

Photonn detection 

Thee UV-photon detector is a TPC-like device entirely made of quartz to allow UV-photon 
transmissionn from both sides. Inside the drift volume, the Cherenkov UV-photons wil l lib-
eratee electrons by ionization of the drift gas. The photosensitive agent in the drift gas, 
Tetrakis(diMethylAmino)-Ethylenee (TMAE), is sensitive to photons of energies higher than 
~~ 5.5 eV. A homogeneous electric field causes the electrons to drift towards the end of the 
photonn detector, where they are detected by a Multi-Wire-Proportional-Chamber (MWPC). 
Thee UV-photon detector provides three-dimensional positional information on the UV-photon 
forr each detected photoelectron. In the Barrel RICH, for instance, the MWPC gives Ré and 
RR coordinates of the point where the Cherenkov photon liberated the photoelectron whereas 
thee z coordinate of this point is obtained from the drift time measurement. 

Sincee the fundamental principle of the DELPHI RICH detectors relies on the detection 
off  UV-photons, it is of utmost importance that the key detector elements are either UV-
transparentt or UV-sensitive. The mam parameters of the BRICH as a function of photon 
energyy are shown in Figure 3.3. The transmission coefficients correspond to 8 mm quartz 
(solidd line), 1 cm liquid C\,FU (dashed line) and 15 cm gaseous C5Fi2 (dotted line). The 
dash-dottedd line indicates the TMAE quantum efficiency (Q^MAB). The hashed area rep-
resentss Q™AE folded with the quartz UV-transmission coefficients. It is a measure of the 
photonn conversion efficiency of the drift tubes. The lower limit on the energy of the photons 
iss determined by the Q™AE at ~ 5.6 eV (i.e. 160 nm). 
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Figuree 3.3: The transmission coefficients of the detector elements in the Barrel RICH, the quantum 
efficiencyy of the TMAE and (hashed area) the photon conversion efficiency as a function of photon 
energy. energy. 
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Fromm (3.5), the number of detected photons for a particle path length L is given by: 

NphNph = Q-^L f sm29ce{E)dE = 3701cm'1 ëV-l]L  f sin2 8cc{E)dE = N0Lsm2öc. 

(3.9) ) 

NN00 is the number of photons for the maximum-saturated-angle, 9C is the Cherenkov angle 
averagedd over the photon energy interval (see (3.4)) and e (E) is the efficiency for detection 
off  a photon of energy E. This efficiency includes all the above-mentioned transmission and 
quantumm efficiencies, the mirror reflectivity for a photon produced in the gaseous radiator 
andd the inefficiencies in detecting the photoelectrons. 

3.33 The ring-imaging Cherenkov counters 

Thee Barrel RICH 

Thee Barrel RICH [20] is a 3.5 m long cylinder with inner and outer radii of 124 and 197 
cmm respectively. A mid-wall divides the detector into two mirror-identical halves, referred 
too as sides A (cos 0 < 0) and C (cos9 > 0). It covers polar angles in the DELPHI detector 
rangingg from 40° to 140°. 

Eachh side of the BRICH is azimuthally divided into 24 sectors. The elements of a sector 
aree one liquid radiator, one drift tube with a wire chamber at its end, and 6 mirrors. An 
undividedd gas radiator volume is common to all sectors (see Figure 3.4). 

Particless first traverse the liquid radiators, which essentially consist of a 1cm thick layer 
off  CsFi4. Cherenkov photons created in this radiator leave the radiator through the quartz 
windoww closing the radiator and enter the drift tubes—the photon detectors—placed 12 cm 
awayy from it. The volume of the vessel outside the drift tubes and the liquid radiators is used 
ass gas radiator and filled with gaseous C\Fn- The vessel is kept at a constant temperature of 
40°CC and a fixed gas pressure of 1030 mbar. Parabolic mirrors reflect the Cherenkov photons 
producedd behind the drift tubes back into the drift tubes. The useful path length of particles in 
thee gas radiator is on average 40 cm. The mirrors focus the photons into a ring-like "image" 
inn the drift tube gas. The drift gas is an admixture of methane-ethane (75%CH.i +257tC2H6) 
withh ~ 0.1% TMAE vapour. The TMAE is added by bubbling the main gas mixture through 
aa TMAE bath, which is kept at a constant temperature of 28°C. A drift field of 0.5 kV/cm, 
whichh is determined by the VHV = 80 kV and the 150 cm drift tube length, transports the 
photoelectronss towards a MWPC at the end of the drift tube. Each MWPC has 128 anode 
wiress with an inter-distance of 2.62 mm and 8 groups of 16 cathode-strips (3.8 mm wide) 
perpendicularr to the anode wires. The chambers are operated at a gas amplification gain of 
aboutt 105, implying that a single photoelectron induces an avalanche of in the average 105 

electrons.. Photo-conversion points are reconstructed in three dimensions: the anode wire 
addresss provides the Rd> coordinate (ARo — 1.0 - 2.0 mm), the cathode pad address gives 
thee R coordinate and the z coordinate is determined from drift time measurement. Using 
thiss information and the position and direction of the particle as measured by the tracking 
detectorss of DELPHI, it is possible to calculate for each photon the Cherenkov angle. 
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Figuree 3.4: A schematic view of the DELPHI Barrel RICH detector 

Thee calibration system of the BRICH consists of a UV-light source which injects UV 
lightt into each drift tube at 45 accurately known points, arranged in 5 rows of 9 fibers. It 
determiness the drift velocity with 0.07 % accuracy (Vd = 5.3 cin//is in the BRICH) and 
monitorss the drift velocity during data taking due to variations of temperature, pressure, gas 
mixturee etc. 

Thee Forward RICH 

Thee Forward RICH [21] covers both end-cap regions of DELPHI over polar angles 15° < 
99 < 35° and 145° < 6 < 165°, see Figure 2.1. Although very different in geometry, the 
Barrell  and Forward RICH employ the same principles. A major practical difference is that 
inn the Forward RICH the electric field in the photon detector is perpendicular to the magnetic 
fieldfield of DELPHI. It also operates with different gases. 

Eachh Forward RICH detector consists of two 180° segments, which join in the vertical 
plane.. The design is schematically shown in Figure 3.5. A segment is divided azimuthally 
intoo 6 sectors. Each sector contains one drift box with two MWPCs, three liquid radiator 
containerss and five spherical mirrors. C4F10 is used for the gas radiator. It fills the remain-
ingg volume of the segment. Because of its low boiling temperature of —2°C no heating 
iss required. It can be used at atmospheric pressure because of its stable (~ 100%) UV-
transparencyy over the full photon energy window of interest, 6.5 - 8.0 eV. The average path 
lengthh inside the gas radiator is about 60 cm. 
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Figuree 3.5: A schematic view of a sector of DELPHI Forward RICH. 1 = liquid radiator containers, 
22 = spherical mirrors, 3 = photon detector. 
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Figuree 3.6: A schematic view of photon detector in Forward RICH 
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Thee photon detector has a trapezoidal shape, see Figure 3.6. It consists of a drift volume 
whichh is electrically divided in two symmetric halves, each read out by a MWPC. Both plain 
sidess of the detector are made of fused quartz. The depth of the drift volume varies from 60 
mmm near the MWPCs to 40-54 mm along the mid-wall. The photoelectrons drift in a plane 
perpendicularr to the 1.2 T magnetic field. This results in a Lorentz angle of ~ 50° between 
thee drift trajectories and the electric field and has important consequences for the MWPC 
designn and for the choice of drift gas. The gas used is C2Hü, which is made photosensitive 
byy bubbling it through liquid TMAE. The detection plane of each MWPC has 320 anode 
wiress with a 2.62-mm pitch and 240 cathode strips, 5 mm wide and 42 mm long. The 
cathodee strips are arranged in 20 groups of 12 strips. Each group of 12 strips is covered by 
166 anode wires. The addresses of the anode wires and the cathode strip together with the 
driftt time information allow the reconstruction in space of each photoelectron production 
point.. The resolution (ax. ay, az) is about (0.8, 0.8, 1.5) mm. It is the dominant error in the 
determinationn of the angle of the Cherenkov photon in the gas radiator. 

Withh the UV-calibration system, both drift velocity and Lorentz angle are measured pre-
cisely. . 

Cherenkovv photoelectrons 

Thee potential of the RICH to identify particles is given by measuring the separation between 
thee particle bands in Figure 3.2 in units of the resolution on the Cherenkov angle. The 
Cherenkovv angle is determined from the image produced by the Cherenkov light cone in 
thee photon detectors. The image is the cross-section of a cone. The shape therefore can be 
eitherr a ring, ellipse, parabola or hyperbola 2. We nevertheless wil l use the term "ring" for all 
thesee shapes. From (3.9) it follows that the number of photoelectrons per ring varies with the 
Cherenkovv angle. The number has a Poisson distribution with average Nph. Experimental 
dataa for 45.6 GeV/c muons show an average of 18.6(7.9) and 8.3(5.2) Cherenkov photons 
perr track for the BRICH (FRICH) liquid and gas radiators, respectively. There is a small 
backgroundd from other sources as one can see in Figure 3.7. 

Ass was mentioned above, the Cherenkov angle is calculated for each detected photoelec-
tron.. Its uncertainty, apu, is given by the quadratic sum of several contributions. For photons 
fromm the gas radiator one has: 

°lh°lh ~ alhr»m +  aLnd + ^position' ^ A ^ 

Thee a(:hro,n is the contribution due to chromatic aberration (see (3.4)), The bending of 
thee particle trajectory in the 1.2 T magnetic field of DELPHI on its way through the gas 
radiator—itt smears the Cherenkov angle in one direction—gives the term abend- This term 
dependss on the transverse momentum of the particle (pshi9p), the track length (/) inside the 
gass radiator and the azimuthal position of the photon (o) on the Cherenkov cone: 

2Thee conic-like section shape is due to internal reflection of the Cherenkov light inside the liquid radiator. 
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Figuree 3.7: Distributions of the photoelectron Cherenkov angles, for Z° —> n+n~ events. The aver-
ageage number of photoelectrons and measurement precision of the Cherenkov angle for single photons 
areare given for both radiator types, gas and liquid, in both the Barrel and Forward RICH. 
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VbendVbend OC —7—  (3.11) 
pp sin #p 

Finally,, crpô l£lon is due to the finite position resolution of the photon detector: it comprises 
diffusionn during the drift of the photoelectron and the intrinsicc resolution of the wire chamber 
thatt detects the signal from the photoelectron. 

Forr liquid radiator photons, the term agcom replaces the term Oberij. It takes into account 
thee fact that the liquid radiator layer has a finite depth and this gives an uncertainty on a 
Cherenkovv photon production point. 

Thee number of photons associated with a track and their Cherenkov angles are the input 
too the particle identification algorithm. 

3.44 Preparing of raw data for ring analysis 

Thee simulation of the RICH data is done in great detail. It takes into account the production 
off  Cherenkov photons, their conversion into photoelectrons, the production of background 
electronss from all known sources and the response of the detector to all these electrons. 
Therefore,, the simulated data can be analysed in the same manner as the real data. 

Thee sets of photons associated with tracks are hereafter called the raw data. This applies 
too both real and simulation data. In the following we describe the different steps that prepare 
thee raw data for the ring analysis. 

Backgroundd rejection 

First,, the signal-to-background ratio for photons should be improved in the raw data. 
Thee RICH photon detectors detect single photoelectrons and, as a consequence, are very 

sensitivee to background. Background sources are: 
1)) electronic noise and after-pulses which can imitate photoelectron signals; 
2)) cross-talk—one photoelectron giving a signal in two strips; 
3)) photon-feedback—UV-photons created during the development of the avalanche causing 
secondaryy avalanches 3; 
4)) ionization electrons (dE/dx) caused by the tracks passing through the drift tube; 
5)) ó-rays produced by tracks passing the drift tubes; 
6)) UV-photons produced when the particle traverses the quartz windows; 
7)) 7-ray conversions. 

Mostt of these background sources lead to clusters of electrons. Figure 3.8 illustrates such 
aa cluster of background electrons. It is a /?0-cluster in local coordinates. By removing such 
RoRo clusters we improve the signal-to-background ratio by a factor 5, while rejecting only 
15%% of the true signal as shown for liquid rings in Figure 3.9. Background is a more serious 

3Too absorb most of these UV-photons, UV-blinds are installed between the individual anode wires, allowing 
onlyy photon-feedback on the same wire. 
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simulatedsimulated data before and after the cleaning proce-
duredure for liquid radiator rings. 

problemm for the liquid radiator rings than for the gas radiator rings as it depends, for most 
sources,, on the ring area. Although the background in the RICHs is complicated, it has been 
successfullyy simulated in the Monte Carlo. 

Alignment t 

Secondly,, the off-line alignment of the RICH is performed. It adjusts the refractive indices 
andd geometrical positions of the different detector components. For the BRICH this amounts 
too the adjustment of 288 mirrors, 48 radiator trays and 48 photon-detectors. It is done by min-
imisingg the width of the ^-distribution for the muon tracks from Z° —» A'+/'~ events. These 
eventss have well isolated tracks that produce Cherenkov rings with a very low background. 
Thee expected Cherenkov angle depends only on the refractive index whereas the measured 
onee also depends on the position of the detector elements. For example, a 1 mm shift of the 
photo-detectorr position for the FRICH is equivalent to a decrease of 10% in the Cherenkov 
anglee resolution for the gas radiator. 

Fixing g 

Finally,, several corrections that could not be taken into account in the previous two steps are 
determinedd and applied to the raw data in real and simulated data. It includes corrections that 
havee been determined by comparing real and simulated data, e.g., inefficiencies as a function 
off  polar angle and other acceptance problems; differences in the expected resolution of the 
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Cherenkovv angle and in the expected number of photons, and the photon-feedback effect. 
Inn addition it corrects for non-uniformities in the refractive indexes of the gas radiator. AH 
thesee corrections are made by the RICFIX-package [22], The RICFIX-package obtains most 
off  its information using Z° —> ^+^/~ events but applies the corrections to all Z°-data. 

3.55 Ring finding procedure: RIBMEAN Algorithm 
Severall  ring finding algorithms [23] have been developed to combine all information from 
thee detected photoelectrons for particle identification. The RIBMEAN algorithm [24] is used 
inn the analysis presented in this thesis. It determines the number of Cherenkov photons in 
thee ring and their mean Cherenkov angle. 

Thee starting point of the method is a set of photoelectrons associated with a track. Each 
off  these photoelectrons has a Cherenkov angle 9  ̂an expected error «JÖI, a depth of the con-
versionn point in the chamber, a <t>  position of the photon on the ring, and a quality bit that 
reflectss whether the photon is isolated, ambiguous or not. The photon ambiguity comes from 
twoo kinds of ring overlaps: the first, when the rings from different tracks are overlapping and, 
thee second, when the rings from the gas and liquid radiators are overlapping. A non-isolated 
photonn means that it belongs to some small 7?0-cluster but one can not ascertain whether it 
hass a background origin and, therefore, was not rejected in the background rejection step. 

Photonss are given different weights depending on the signal-to-background ratios. Back-
groundss differ considerably for different types of photons. In particular, the background is 
higherr for 

1.. ambiguous than for non-ambiguous photons; 

2.. non-isolated photons than for isolated ones; 

3.. photons that have a low conversion probability (the probability is obtained from the 
depthh of the conversion point); 

4.. photons near the open end of the parabola (this is the case for photons originating from 
thee Barrel RICH liquid radiator). 

Figuree 3.10 shows the effect of applying weights to the single photon distribution. The 
solidd line shows the Cherenkov angle distribution for single photons as determined for sim-
ulatedd pions in the liquid (gas) of the barrel (forward) RICH after applying these weights. 
Thee dashed line shows the same distributions with a weight equal to 1. The effect on photons 
fromm the liquid radiator is larger that on those from the gas radiator. This is because the liquid 
radiatorr rings have a bigger size and therefore are more influenced by the above-mentioned 
backgrounds. . 

Too reconstruct a ring the algorithm starts with five ring hypotheses corresponding to 
thee assumption that a track is due to an electron, muon, pion, kaon or proton. For each 
hypothesiss one tries to find photoelectrons that are consistent with the corresponding ring. 
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Figuree 3.10: Single photon distributions for simulated pions of momentum between 0.7-1.5 GeV/c 
(above(above 3 GeV/c for gas radiator) in the liquid (gas) radiator for the barrel (forward) RICH before 
(dashed(dashed line) and after (full histogram) applying weights 
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Thee ring finding starts with the photoelectron that has the smallest distance to this particular 
hypothesis.. In the following steps other photoelectrons are sought that can be associated with 
thee hypothesis. This is done by looking successively for a photoelectron with an angle #, 
thatt has a distance of less than 2.5 oel to the weighted average of the angles of the previously 
foundd photoelectrons 4. The search stops when no additional photoelectrons satisfying the 
abovee criterion can be found. With the remaining photons a new search is started for the 
samee hypothesis. When no photons are left the next hypothesis is considered with the same 
photons.. At the end we have five sets of rings, each set corresponding to one mass hypothesis. 
Forr each ring in a given set the following quantities are calculated : 

 the weighted number of photoelectrons, Nw = J2,=\ wi (N is the number of photons 
inn this cluster); 

 the average Cherenkov angle, 

nmeannmean "j 

 the average expected error per photon, 

expexp
^photon^photon - / j_v . /V ïff " 

Fromm all the rings found the one with the largest number of weighted photons is finally 
chosenn and will be called the main ring of this track. Ambiguous photons have now to be 
resolved.. If an ambiguous photon is only selected in this ring then the ambiguity is solved. A 
photon,, however, may belong to two or more main rings associated with other tracks or the 
samee track but different radiators. The ambiguity then can be either gas-gas, liquid-liquid 
orr gas-liquid. The latter is resolved by comparing the conversion depth since liquid photons 
originatee from the side of the photon detector that is closest to the liquid radiator, whereas 
gass photons originate from the opposite side. To solve gas-gas or liquid-liquid ambiguities 
thee number of unambiguous photons in both rings and the ^2 contribution of the ambiguous 
photonn to each ring are used. After associating ambiguous photons to a ring, the parameters 
off  the ring are recalculated. If no ring is found with more or equal than two photons, it is 
assumedd that the track has no Cherenkov light in the medium considered. This observation 
iss later used for the veto tag, i.e. when one looks for a mass hypothesis with no emitted 
Cherenkovv photon. 

Thee error per ring oTing is a function of the track momentum p, the average error per 
photonn <7^,on, and the observed number of photons A\ Simulated "-data were used to pa-
rameterisee the dependence of <r ring on these parameters for hadronic events. The procedure 

4Thee window of 2.5 ay, is used for the ring finding in the gas radiator, whereas that of 3.5 ou, is used in the 
liquidd radiator. 
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too obtain this parameterisation is as follows. First, the (Jrtng is supposed to be linearly depen-
dentt on Option' ' e- (Jritig   ̂ ^l^ton- To 0 D t ai n t ne parameterisation on p and .V we determine 
thee pull distribution, where the pull is defined as : 

^  ̂ = ^ . (3.12) 
&ruig &ruig 

Fromm this distribution one extracts the functional dependence on A" and p. The r.m.s. of the 
pulll  distribution should be 1 for pions, since 0"p is the expected angle for the TT hypothesis. 
Startingg from the assumption ariny — ve* }fololJ\f~N the p-dependence is extracted. The same 
iss done for the Ar-dependence. From this analysis we find that the errors per ring can be 
parametrisedd for the barre! (B) and forward (F) gas radiators as 

°ring°ring ~ <JphlAon\i 22 + p' 
0.8 8 

(3.13) ) 
<n<ngg - v ; i „ 0 . 8 5 ( l + — ) v / l A Y + l /12 

andd for the liquid radiators as 

1.4 4 

1.4. . 
°L°L99 = Vln0.80(l + —)Vl /A r +l / 9 

(3.14) ) 

Thee barrel RICH gas radiator error has the expected 1/v A' term and a weak momentum 
dependence,, whereas the liquid radiator error has a stronger dependence on p because the 
trackk errors are—by convention—not propagated into creJt

p
ot(jn. The deviation from the 1/N/A7 

behaviourr at high values of the observed number of photons is probably a consequence of 
thee correlation of the errors due to uncertainties in the position of the track. The same is true 
forr the forward RICH errors. 

Performancee of the method 

Ann important advantage of the RIBMEAN algorithm is that its performance can be simulated 
ratherr well by Monte Carlo. This is because of its simple treatment of the available informa-
tion.. We wil l comment on it later in this section. Figure 3.11 shows that the parametrisations 
off  the ring resolution as given by (3.13) and (3.14) correctly reproduce the Ar-dependence 
off  the ring resolution. Figure 3.12 shows the Cherenkov angle distribution as obtained by 
RIBMEANN for the liquid and gas radiators as a function of the momentum of the particle. 
Thee three bands correspond to pions (uppermost), kaons (middle) and protons (lowest). In 
thee next chapter we wil l compare real data and data from a Monte Carlo simulation relevant 
too the analysis presented in this thesis. A detailed comparison can be found in references 
[24],[25]. . 
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Figuree 3.11: The RIBMEAN data and Monte Carlo distributions for the number of photoelectrons 
versusversus the ring resolution. The black points indicate the mean value of the distributions for the single 
photoelectronphotoelectron resolutions. The dashed lines represent the extrapolation of the Monte Carlo. 

Somee comments can be given about the features of the algorithm. In the first place, the 
weightingg of photons enables us to use all the signal photons, though with different weights, 
andd to reduce the effect of background photons. This is important for the analysis of the pion 
backgroundd in the tagged kaon sample presented in section 5.3. Secondly, since starting 
pointss are chosen corresponding to the five mass hypotheses, the best resolution per ring is 
obtained.. Finally, the choice of the ring with the largest number of weighted photons as the 
finalfinal ring gives a small bias in favour of high Cherenkov angles because of the presence of 
background,, see Figure 3.7. 
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Figuree 3.12: RIBMEAN results for the average Cherenkov angle versus particle momentum for 
barrelbarrel RICH liquid (a) and gas (b) radiator data taken in 1994. 


