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. Monte Carlo computation te~hnique 11! is.often 
us·ed to c·orrect cross sections in the experiments 
in · which triggering systems are improving the 
efficiency for selecting events with a given topo-
logy~ . · · · . ·' . ·. .. ·' · . ' . · 

.. · In this work we present one method of coinputa:­
tlon of · the geometri'cal · 'efficiency ·in. detecting 
events in w~ch. the triggering system selects one 
charged particle scattering _at a given angle. The·· · 
target is 'a volup:te of gas of a given shape, the 
detecting counters are cylindrically sefup arround 
the target and the beam has agive.ndivergence, the 
method is particularly suitable for computers with 
high speed and. relatively s~al~ mem9ry field 
length. . · 

1.. :rn: order to calculate differential cross sec­
tions for elastic " 'ite . events in the JINR high 
pressure ·streamer chamber'12•31 it has been 
necessary to compute the solid angle. within 'which 
useful events wer'e r.egister:ed. · · · · · ' 
· ' . Let us define the geonietri

1

cal efficiency as the 
ratio between the effeCtive . solid angie; and 'the 
whole solid angle in• detecting· scattered pio'ris in 
the angular interval 
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The differential cross section is given by 
~a 1 LlN 
dp = N n•L 'Eo • dO' . 

1T 

where ~N - the number of event.s corresponding . 
to . ~-o , . N 

17 
- the number of pions in the beam, 

n - the number of the nuclei in 1 em 3 ; L - the 
·length of the effective volume, Z0 - the geomet­
rical efficiency at the angle o averaged over the 
whole effective volume. . . 

2~ A scheme of the ·triggering system of the 
str·eame.r chamber is ·shown in· fig. 1. Events . are 
registered when the scattered pion falls ,illtoqiie of 

· -the counters 8 + 14 or .15 + 21 while no incident pion 
·has been registered by the counter 1. Theuneffec­
tive. region' in the· xy plane is 30·degrees forward 
and 10. degrees backward. T~e height of the coun-. 

.•. 
f.·. 

·.r 

ters is 11.6 em and the radius of the counter hodo- ·- _.,.. 
scope is 'about 30 em. . 

The beam is . collimated so as to pass through 
the streamer chamber into a cylindrical region of 
about 2 .. 5 cni. radius. 

3. We used in computing the geometrical ~fficiency . 
three methods based on different approximations 
in order tofind the corrections_ on the cross sec­
tion due lo some factors and the better way to take . 
them into account with a small computation time. 

The factors examined are the dimensions of the 
effective volume, the divergence of the beam, the 
efficiency of different counters. ·· . · · 
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Fig. ~·1. Experinit:mtal set up and some· notations 
used in the analytical version of the program. 
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I. For eyents with a scattering angle 0 . and the -~,_.;.·· . 

interaction vertices along the axis in an effective 
region L , the geometrical efficiency can be appro-

. ximated by· the formula 
- ··-m 
fl¢ 1 1 I . . h .. · -=-·- ~ 4arctg(--), 

. 211 211 m i=l · 2R. sinO. 
• - 1 . " ,. 

where m =·L/PAS , m1 =f (0)/PAS ·, PAS is the step 
of the computation. For notation see fig. L R.i is 
an~lytically · ~omputed. The choice of a step (PAS) 
of 1 em for the numerical integration leads to 

:errors o{ about 0.3% on the average. A systemati­
·.cal difference between the efficiency computed in 
this · way in compari~on with the other methods 
appears at small and big scattering angles-(O) -due· 
tO the fact that in this· approximation all interac- · . 
tion points were taken on the axis. 

. ·A better ~pproximation ·is _qifficult to. obtain 
with this method becaus'e of the rapid increase of 
the ~imensions -of tp.e program when averaging for 
vertices taken outside the· axis. · · · .. 

II. In order to take into account the distribution 
of the vertices inside a cylindrical or cone trunk 
region, a Monte Carlo method has been used. For 

· each angle e an average over the effective inter-
action volume (fig. 2) has been computed 

1'!. ,/.. 1 ., 
2~ = 

2
-.ff ftl¢dxdydz. 

11 vv x yz 

A uniform distribt~tion of vertices inside the cone 
trunk has been chosen. Incident tracks have been 
taken parallel to the y ,axis. The total number ,of 
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random· events generated for a given scattering 
angle () has been 20.000. Such a sample gives er­
rors of about 0. 7% * on th.e average. Fluctuations 
are seen (fig. 4b) but the increase of the number 
of generated events is limited by the increase of 
the computation time. · 
. . III. Geometrical efficiency was computed also 

. for every event taking into account the incident 
track direction: 

t-.¢ =.!.I ~. 
2 17 ·Lv Lecl 17 

.. 

where •LviS the length of the incident track going 
through the effective volume of the chamber; ·Leuis · 
the part of this length which ,contributes in record­
ing. events (fig. 3). 10.000 random ~vents have been 
't,1sed for the computation of the average for a scat­
tering event_. 

These computations are done. in a subroutine 
of: the program for the geometrical · reconstruc- · 
tion of events. The method allows the evaluation 
of .. systemati~al errors introduced in the above 
approximative method, by requiring the .beam to be 
parallel to the y axis in the chamber. The sub..; 
routine can . be used for the computation of. the 
average· geometrical efficiency on the whole range 
of. scattering angles by generating at random inci­
dent' tracks but tbe extremely lorig computation 
time is prohibitive. 

* For the angular ·region 707110 o the average 
value of the efficiency is £0=_ .0.132 ± 0.001. 

I '· 

8 

< 
·- ~ 

~- ' ··i 

' ~· .... . " 
: .. ':· '\ --> 

i 

r~~'•:""-~' 

. s:: '0 

.O·a> 
•P"f ~ 
Ul.C'I:S 
M; $.4 • 
Q)• Q) :.-

:> s:: 
Q)· 

'Obtl 
M .. ' 

•P"f » . 
""-.. :5 -

.. Q) E 
:S 0 > 
~~ s:: s:: -

•...t ::l .d 
'0 Q) b'n. 
Q)MS::·· 
I'll . Q) 
::lC'I:$-

Ul :a> 
oo~..S::::·. s:: .... ~ . 

. 0. Q). 
•P"f :> s:: 
~ ~ 0. 
+> ~ 
0 • s:: 
s::E~ 

C'l:$ •P"f 
Q) M CJ 

. .d btl s:: E-4 ? _·...t : . 
. ... Q) •. 

• Pt..s::::' 
M ~ 

. -·~··btl 
bD~ s:: ... 

•...t 0' r.c<t-4-0 .. C'I:$ 

.... · 

9 

.. 



.4 

Ee 

. 3 

.21-

. 1 

0 

0 

Q06 ' 0~ 
exxxO Ael' • 0 .• v 

~" "ic<?oo<?coq~x,. 
e X X jt X···" X 
)( 

Q 
)< 

~ 

30 ro 90 120 

(jl 

~ 

)C 

0 

6 

. 
~ 

)C 

0 

150 

0 

;. 

0 

lC 

w 

.10CI 

8 (degrees) 
. ~ ~. 

Fig. 4. Efficiency. ·£0 ·versus the pion scatter­
ring angle o (degrees). o- a) analytical computa­
tion on the axis· (AL= 17 em, AM= 15 em). · -. b) Mon­
te Carlo for a· cy~inder: ( AL =17 em, AM= 15 em, 
RFl= RF2 = 3 em). 'x- c) Monte Carlo for the same 
cylinder. (Counter 20 :with 0.86 efficiency and the . 
other counters with 0.95 efficiency). 
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4 .. The values. ·of the geometrical effiCiency as. 
a function of the scattering angle. o ·are given· in 
fig~ 4. ;Due~ to the small ·divergence· ·of the beam; 
small deviations from these values- are to be ex-
pected from a better approximation.· .· .. 

·. F~om fig .. 4 it is seeri that the efficiency of 
the streamer chamber is approximatively constant_ 
for a large interval of scattering angles, increases 
for small and-:high ·scatterillg ang~es and falls 
down at 30 o and ·170o. For the region 40° + 140 o 
analytical approach (1) is very good. For small and 

·big angles Monte Carlo evaluations (II) are ne­
cessary. . In these. regions d~viations due to the 
beam direction are also to be expected. 

Small samples should be corrected by the ave­
rage value, while "for large samples (1000 events) 
a correction for every event (third method) should 
be used .. 

If the efficiency of a cotinter of the triggering 
system is low, the geometrical efficiency is falling 
·down over a rather large region· of angfes (fig.4c). 

The Monte Carlo· computation (fig~ 4b) .has 
been used for the cross section calculations/4/ • 

Authors are indebted to the Computing Centre 
of the JINR and especially· to Prof. N .N .Govorun 
for· the support given to this work. 
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