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V To accomphsh our task of calculatmg the Cherenkov counter efﬁcrency, we

nccd to. kno“ the number of photons produced per umt path length by a pamcle
l \\1th chargc /c and per umt energy mterval of the photons We used[l 2]
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"/For lhlS type of counters the hght produced in the radtator 1s usually collected
"by an optlcal svstem formed by sphertcal or parabolrc mtrrors ona photomulttpher

wherc 1t is transformed in an clectrrc srgnal In order to calculate the efﬁcrency we

,,,,,

’V have to evaluate the number of photoelcctrons collected on the ﬁrst dynode of the

kphotomultlpher , | o
N=L [0 (B)e y (B)e o (E)sin® 0, (E)AE " (3)

u \vhcrc"L is the patlt length in the radiator, €. is the veﬁlciency of collecting
the Cherenkov llght Edet IS the quantum eﬂ'tcrcncy of the photocathode nc(E) is

the collection efﬁcrency of the first stage of the photomulttpher




To achieve a high efficiency for the whole counter one have to desngn an
opt1ca1 system with a very good collectlon eﬂlcnency €coll - FOT this purpose and to
be able to calculate the arrangement of the mlrrors and of the photomultlpllers onc
have to simulate'the optical system. The software extenswely used for snmulatlons
in high energy physics, f’GEANT ” 131, does not handle with low energy photons.
where the photornultipliers are Sensitive and other programs for 'optics such. as
"‘Ray Tracer”, are ot “able to 51mulate the productlon of photons For thesc
reasons it was necessary to develop a program ab]e to calculate the tra_|ectorv of

partlcles and photons and to snmulate the Cherenkov photon productlon

The structure of the software: .
‘ The simulation program was wr1tten m the “C” language and developed at
: three ]evels At the beglnnmg we developed a llbrary that mcludes structures and
functions for the analytlcal geometry. The structures descrlbe thc basnc elements
’pomts ]mes planes and a number of functlons for constructmg 1ntersect10ns
paral]e]s and perpendlcu]ars Other functions help to deﬁne dllTerent coordmale
systems and to recalculate coordmates in these new systems ThlS llbrary contams
’ around 2000 lmes of code. Based on thls llbrary, some spec1f1c structures werce

: ‘,deﬁned at the second ]evel These structures are mtended to descrlbe mxrrors

: photomu]tlpllers entrance and exit wmdows of the detector partlcles and

‘photons In order to have a model reasonably c]ose to reallty, the descrlptxon of )

the mirrors includes:
. -the focal length;
- -the coordinates of the focus;
‘ - two angles which' describe the axis inclination relative to the coordinate
system;
- the reflection index of the surface;

- the rectangular area covered by the mirror.

“Th¢ photomultiplicrs arc described by i
“+~ tlic coordinates of the centre of the window: 77
- the uscful diameter of the photocathode:
- a structure which describes the window pl anc: : 3
- l\\o anglcs that dcscrlbc the mclln'mon rchln c lo lhc coordnmlc 5\ slcm
B AL lhe last IC\ cl all lhcsc cnlmcs \\crc asscmblcd and somc addmoml
l"unchons l'or gcncratlon of parllclcs and pholons for rcﬂccllon on lln. nnrrors and”
for. lnlersectlon \\1th the photomultlpllcr \\mdo“ \\crc dC\ clopcd Ulllll hcrc \\c ;
uscd onl\ snnplc mslmcllons mdcpcndcnl ol' lhc opcralmg S\ slcm so lhcsc

llbr'mes are lnghl\ portablc

Fmalh somc l'unctlons l'or input-foulpul.' data’ handling and  cfficicncy

calculatlon \\crc bmlt ~

r\f&,‘ ,J%"

.~'The input of the program: = 1 7, 0 ’

In order to describe a counter onc have to ihput' the coordinates - of the::
entrance and cxit windows. the:number and the description of the ‘mirrors and -
photomultiplicrs. The mirrors may be positioned:-by entering the’coordinates:and
the axis inclination or. using-a function which calculates'the inclination to oblain
the best.light collection’on a:given pholonmltiplicr:.»Thc mirror. segmentation: for
onc of our counters-may be scen in Fig 1. In this figurc Z is the coordinatc along:
the beam. Three photomultiplicrs were used and it may: be seen on which of them
lheflnlrrors'arc collecling thc.light -Thc cl‘l‘lcicncvma\' bc calculated during the:

simulation: 1l‘ the quanlum effi ClCﬂC\ “of the. pholocalllode averaged over- lllC‘

Cherenkov spectra is lnput and ll' a: lhreshold of detection (tr).in. pholoclcclrons

which rcach the first dvnodc is gncn e
A funcuon.allowsonc 10 modll‘) parts of the counter and: another onc. to-
simulatc for.a part of cntrance window. A'routine was created to computc a-"map’:

of cfficiency on the cntrance window. The entrance window is divided into-



g
‘ rcctangular bins: the simulation is carricd out and thc cfﬁCiencv is calculated for
cach bin. Based on the output. -the . eﬂicrch\ ~may. be calculatcd after the

 simulation for various thresholds tr and cfﬁcrcncx N '\lues of the photocathodc

The slmulatlon. Some appronmatlons

~After some unrformlt\ tcsts we dccrded to usc thc random numbcr gener’ttor

a\atlablc from the programmmg cn\tronment (\\hrch has a pcrrod of 2 ) butj

improv: ed \\1th thc Bay s-Durham 1lgor1thm [l -t)

k Thc ﬁrst step of the srmulatlon is gcneratron of thc coordmatcs X,y whcrc thc

parttclcs enter thc dctcctor Thc parttclcs arc umformlv dtstrlbutcd in thc entrance ,

t \\mdo\\ and there 1s a corrclatton between the posmon of the pamcle and 1ts

inclination according to thc condtttons of the * DIRAC' C\perlment [5] Lct us

~ consider the axis Oz of thc detector Then “ver” and “hor” arc the anglcs (1n
| degrces) between Oz and thc pro_]ecttons of the partlclc tra_]cctory in a. vcmcal and
‘ horizontal plane (xO/ and yOz) as follows: e : :
~ver=-15+3(h-x)+md¢-17, L) j R

| “hor=-22+ 11(w- y)+rnd(l7 17y, o

whcre h and w arc the hc1ght and thc wtdth of thc cntrance w1ndow rnd isa-

functton whlch returns. a random: valuc: ‘umformlytdlstrlbutcd between its  two

-arguments. o v

After. thc calculatlon of the pamcle trajcctorles the. Chcrcnkov photon
productron is . simulated. The specific - conditions “allow us. to do-:somc
‘approximations. Becausc ‘the radiator we intend to use is-the air -at normal

conditions, the max'im,um_Chcrcnkov anglc is rather small (1.5 “= 26 mrad). The

clectrons have quitc a large momentum so we can suppose that all the photons are -

generated at the maximum Cherenkov angle relative to the particle trajectory (i.c.

all clectrons have 3=1). Because the light collection cfficiency is sensitive to the

1nchnat10n of the photons this ﬁrst approxrmatlon leads us to a smaller eﬂ'tcrency
than in real llfc e

ln our case the length of the radlator is about 3 m and the number of photons

that are generated s rather large (~280 for 3 m of atr) For these reasons we

_could consrder the number of photons produced as a constant 1nstead of a

drstrlbutlon The coordmates of the places where the photons were produced were
calculated by dtvrdrng the path of the electron by the number of photons produced .
The largc number of photons generated also allow us to s1mulate the conversron 1n
photoelectrons usmg a btnomtal dlstrlbutlon wtth the probabthty p, where p 1s the
photocathode spcctral sensmvtty Ske (E) multlplled by the. number of photons
produccd per umt energy 1nterval mtegrated over the sensmvtty domam of the
photocathode and divided by the total number of photons
ISK (£)sin’ 8. (E)dE

. [sin® 6 (E)E . -

up

G sl i D photons

*“'For ' each "generated 'photon “its 'trajectory ‘and the coordinates of " the
intersection’ with' the * photornultiplier’s  window (if it hits' any .window) are’
calculated. These 'coo'rdinates “are ‘used to’ fill two  dimensional histograms
(100%¥100 channels)” “which - will represent “the light distribution " in " the
photomultlpller window." PR s R s T
Thc calculation of the efficiency i
.+ For each generated . particle and - for each photomultiplier, the- number of -
photons that reach;a  photomultiplier-is: counted.  For. each ~ photomtrltiplier,ia '
histogram that contains the number of photons coming from one particle which
hit .its window is filled. Not all the photons: produced reach.a photomultiplier -
window, that is why, in Fig 2, where a distribution for one of the photomultipliers -
is .shown, we obtained a ,long ~tail.* The  number - of - photons ‘rea(:hingkxa

photomultiplier window is decreased in correspondence with the mirror. reflection



k 1ndex The number of photoelectrons emrtted by the cathode 1s calculated usmg a

bmomral drstnbutron w1th the probablhty P and the number n of photons The

photomultlplrers employed usually have large wmdows For this reason the ’

collection of photoelectrons on the ﬁrst dynode 1s smaller for those produced at
the cathode’s marglns than for those comlng from the centre. The spectrum of
- electrons that reach the first dynode 1s computed usmg a bmomral dlstnbutlon
with probab111ty d—0 8 (from [6] ) applled to the em1tted photoelectron spectrum
The other 3-4 dynodes may also contnbute fo losses of cvents [7] In our case we
k»found enough to compute the photoelectron spectra applymg a Porsson
d1stnbutron to the spectrum of the photoclectrons that reach the first dynode but
for other cases one have to employ srngle electron spectra to fmd the coeﬁ'lc1ents
ofa Polya distribution which mlght be used several tlmes ' 4
. The refﬁc1ency may be’ computed .for, two,cases, corresponding to two
... different ways of proceSsiné of the phOtomultlplicr signals. This is realised by an
option named “Photoelectron sum”. When this option is “yes”, the signal coming
from the photomultipliers is summarlsed,fif Ait'is “no” only the largest’ signal is
considered.. ‘Anotherk histogram . 1S frlledi”\'v;ith . the .total- number .of . the
‘ photoelectrons that reach the first dynode (in.all. photomultipliers) if the. option
“Photoelectron sum” is “yes” or with the maximum numbcr of the photoelcctrons
that reach the. first dynode (in one of the photomultlplrcrs) if the optlon
Photoelectron sum” is *“no”. S e
- The- dlstnbutrons computed - for " our ‘case are shown in Fig 3. The

7 correspondlng efficiency computed fortr=3is 99.62%. The cfficiency'is computed

 as the probability. for the number of photoelectrons to be greater than or cqual to

the threshold tr. In order to obtain a useful signal tr=1 might bc enough but for a
good signal/noise discrimination tr=2 or 3 is needed. Anyway, the histogram with

the number, of photoelectrons that reach the first dynode in the photomultipliers is

part of thc output S0 thc cfﬁcrcnc\ ma\ bccomputcd aflcr thc snmulalxon for
various thrcsholds (tr) SRR S ' |
' Thcoutputof ‘t‘h”c'pro‘gram o ,
Thc program creatcs a dlrcclor\ \\llh a S\Il]bOllC namc‘of the srmulatcd
dctcctor ‘and placcs all ‘the frlcs thcrc lf thc dclcclor is modlﬁcd lhcn H lS
consrdcrcd as a new onc. ‘The mnumal oulput conlalns a ﬁlc \\llll thc C\lcnsxon
stp \\thh dcscrlbcs thc paramctcrs of lhc dclcclor (nnrror PM \\mdou). a
rcport file \uth thc rcp C\lCIlSlOll \\ lnch pro\ ldCS a rcport of lhc snmulauon and
ltsfp'lramctcrs p tr d Thcrc arc 3 \\a\s lo prcscnt thc output and an\ of thcm can
be sclcctcd at thc samc time, \’ S '

Thc N tuplc format Thc frlc Namc dat contams a rccord for cach photon
This rccord contalns thc numbcr of thc clcclron lhat produccd 1t thc numbcr of
the nnrror that rcllcctcd 1t the numbcr of thc photomultlpllcr rcachcd by the
photon and thc coordmatcs of lhc mtcrscctron w 1tl| thc \\mdo“ Thc 1nformatron
1s very dct’ulcd but thc \olumc of lhc data is \cr\ largc Tlns form'u is uscful only

1f anothcr program get tlns rccord bv a plpclmc and handlcs it..

Thc ‘“ld” format is uscd for slorag,c of 1d lnstog,rams w llh tllc plloton v lcld in
the PM w1ndow and W llll thc total photon yicld presented ab0\ Cooii i

~ The * 2d" format is uscd for storag,c of 2d lnstog,rams \\nll the . lrg,ht
d1str1‘butron for cach PM \\1ndou Thc mndon lS dl\ 1dcd mlo l()()* l()() blllS for a
photomultrpllcr wnth a larg,c \\mdo“ (l 1 cm) lhc g,r'lnulanl\ lS lo“ cnoug,lr
(1.1*1.1 mm‘) An C\amplc is shown in Fig 4. Onc can sce that the main part-of
the light falls on the ccntral part of the leOlOllllllllpllCl’.— R E R Pt FISTTEE ST

- The simulation might be performed for different arcas of the cnlrancc window
and;for cach arca (bin) the output may\bc‘slorcd-in onc of these forms:the name
of the files begins with the number of thc bin. A file called “identifv.bin™ coniains

the number of the bin and the coordinates of its arca in the entrance window.

7



thn the opucal program crcalcs a map of cfﬁcrch\ for lhc cnlr'mcc \\mdo“ lhc

rcsulls arc slor'd ina ﬁlc callcd cps map Such a ﬁlc \\as uscd lo producc Flg, 3

here the opuon Pholoclcclron sum” was sct No . Thc mcfﬁcrch\ appcars

mainly at the cdges of the mirrors and w hcrc lhc lrg,hl from onc, clcclron hllS two

dltTcrcnl pholomulupllcrs

All lhc rcsulls are slorcd m a lC\l modc lo bc acccssrblc for an analvsrs

]

o

program as PAW ’ o 7 L
4 Wc choosc lhc C lan{,uagc maml\ for lhc possrbrlrlv of \\orkmg, wrlhv

slruclurcs Thc compllmg opllons were scl lo producc lhc ﬁslcsl codc ThlS

mcrcascs lhc suc of lhc C\cculablc codc w hrch Is anyway no larg,cr lhan la() KB

Some drﬂ'crcnl comprlalrons were donc lo gcncralc mslruclrons for,

,mrcroproccssors 386 and Pcnuum thn runmng, a Pcnuum -73 MH/ onc can

srmulalc 4 5 ev cnls/scc l() 12 hours are cnoug,h to oblam a dclallcd rcsull

' Conclusions

“The software allows onc to dcscrrbc casrly and fast dllTercm arrangemcnls of

mirrors and PM’ s, Iis possrblc to compulc lhc cfﬁcrcncy durmg the srmulallon;

and to rccalculalc it for dr(Tcrcm paramclcrs Also one may oblam ‘the llgh(’

‘ drslrrbulron on lhc PM wmdo“ lhrs dlslrlbuuon helps lo fmd lhe opumum

NEES

position of the PM’s, *** * *

Wc succcssfully applrcd lhrs soflwarc and dcvclopcd a numbcr of varlants of

threshold Chcrcnkov counlcrs for which the cfﬁcrcncy was calculalcd consrdermg'

dlffcrcnl paramclcrs
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