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the experimental set—up is shown in fig.2. The PDT was an aluminum tube 30 cm OCR Output
The activities of the sources were known within 1%. The schematic description of
irradiation of the detector with colliinated gamma-rays from radioactive sources.

The PDT efiiciency for ga1nma—rays of different energies was measured by

Experimental Set-Up

Some discrepancies were pointed out only for mylar PDT.
were approximately 1%, which is in good agreement with GEANT simulation.
;°Co source was measured in the frame of GEM READ The measured efficiencies

Recently the sensitivity of iron, aluminum and mylar PDT to gammas from
depends upon photon energy and varies between 0.7 to 2%.
edges of the counter. An average efiiciency for infinitely large source distance
where the photon passes through the counter and has two peaks near the both
into the sensitive volume of the counter. The efficiency essentially depends on
quantum is detected if it is absorbed in the counter wall and ejects an electron
of the gamma rays in the gas mixture can generally be neglected. The gamma
Ar (9 cm Hg) and ethyl alcohol (1 cm Hg) mixture it was found that the absorption
isotopes For the counter with 0.77 g/cm2 bismuth cathodes filled with
were carried out in 1950 for Geiger—Muller counters using different radioactive

The first measurements of the spectral quantum efficiency of such type detectors
up to 1.3 l\/leV.

of the quantum efficiency of thc aluminum PDT in the energy range from 6 keV
neutron source IBR-30 /5/. ln the present we show the results of measurements
of the aluminum PDT for neutrons using a neutron beam from the JINR pulse
barrel muon system of ATLAS. Recently we have studied the spectral sensitivity

The pressurized drift tubes (PDT) are aproved as the base detector ofthe
system performance.

spectral sensitivity of muon rletectors is vital for correct estimation of the muon
of detectors would be determined by photons. So the knowledge of the quantum
is one order of inagnitutlc Bower than the quantum efiiciency, the background rate

times lower than the neutron fluencc, lf the muon detector efficiencv for neutrons

detector of the SSC havt shown that the ga1n1na·qua;itu1n flucncc is only 1.5+4
The simulation of radiation background for ATLAS /3/ and for the analogous
energy spectrum of gainmas is liarder and looks like the one presented in fig.1 /2/.
absorbed just near the production point by the detector material and the resulting
reaction) with energies b<·tw<~en 10 eV and 10 Me" . The low—energy gammas are
tlieinselves. Xeutroiis prodiue photons tinainly VIH the radiation Capture (ng}
from primary interaction. the main sources of the gamma background are neutrons
¤.‘l<‘('EI`()1I1ZtgIl<¥Fl(` slioweers in tue tl~·t:·ctor materials caused by secondary particles
background. \`\Yliil<‘ tin main sotur es of the neutron background are hadronic and

The ATLAS muon deter-rors V1] will operate at substantial neutron and gamma



Fig.2 Schematic description of the experimental sct—up OCR Output
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follows:

of the photon absorption within the tube wall to the total quantum efficiency as
mean electron range in aluminum Their one can calculate the contribution
straight and their path length is determined by their initial energy and equal to the
efliciency. It was also supposed that electrons produced within the tube wall move
of a photon with the tube reaches the gas volume, it will be registered with 100%
from its axis are shown. It was supposed that if an electron produced by interaction
cross—section and the trajectory of a photon passing through PDT at distance I
process is essential when photon energies are more than 10 MeV. In fig.4 the PDT
out. The contribution of pair production can be neglected because the role of this
detection by PDT. the calculations in the frame of a simple model were carried

For better understanding of the role of ditterent processes causing photon

Efficiency Simulation

other.

rectangular bulk. The results of both methods are in good agreement with each
counter (see {ig.2). The scintillator was a polystyrene based 120 >< 110 >< Smmg
the yi —— 7 coincidence rnetliod. The second photon was detected by a scintillating

To check our results the PDT erlicieney for °‘°Co photons was also measured by

walls is inessential.

the slit width and the influence- of an interaction of the photons in the collirnator
measured. The results are shown in fig.3. The PDT rate is only proportional to

into the counter bv collirnator. the count rate versus the collimator width was

ln order to investigate the possible influence on the results of gammas scattered
the gamma—source activity.
ernittcrl by the source per decay. Si! is the solid angle subtended by the PDT, A is
source during the Af nreasurernent time. n is the eitective number of gammas

where N and NH,,,.t(,.. are the 1ll111llJ(’1`SUTPDT` counts with and without radioactive

wz Ar TZ A

N rs —\iz+a~w;r

The tube e1°lici<‘i¤cv was calculated as follows;

of the afterpulses.
threshold was set to 13.5 {JA. The pulse width was 1 [ts in order to prevent counting
discriminator. The PDT was operated in the limited streamer mode and the
was about 9 crnz, The signals from the PDT were amplified and fed into the

The photon flux was collirnated by lead blocks so that the irradiated area

gas mixture at 3 HTU1.

of a 100 pm Cu—Be wire. The tube was filled with Ar + 15%C()2 + 2.5%iC4Hm
long. 30 mm in diameter and of 0.5 nnn thick wall. The signal electrode was made



Fig.4 Cr0ss·sec<.i0u o( PDT and trajectory of a passing photon OCR Output

Fig.3 PDT count. rate versus collimator width
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ln the ease of mCo tl1e eount rate praetieally does not depend on pressure. It OCR Output
tl1(‘ dependenee of the PDT eount rate 011 gas pressure for “°Co, 24lAIl1 and l33Ba.
separate eontributions of photons of ditterent energies. For example, tig.G shows
sonie isotopes ejeet charged particles. Therefore in eaeh ease it was required to
getic photons. The other isotopes have fs with different energies and inoreover

For tl1is nieasureinents only Ml\tln, GSZ11 and 55Fe are sourees of pure 1l1()llO(‘IlL‘1`·
rays. Principal eliaraeteristies of these sourees are presented in Table 1.

During the nieasureinents 9 radioaetive isotopes were used as sources ()fgZ\.ll1lI1H—

Results

lower by a {aetor of two.

results are in good agreenient with our niodel while at higher energies they are
l MeV and then slightly <le<·r<·as<·s. ln the low—energy peak range the GEANT
by Compton seatteriiig in the tube wall. The eflieieiiey inereases up to 1.5% at

For pl1oton energies niore than 2(N) ke\' the PDT <‘lTl(`ll`11l'}' is mainly defined
photoeffeet eross—seetion.
the PDT wall thiekness. The riglit slope of the peak is due to a decrease i11 the
efficiency magnitude and the shape ot the left slope ot the peak are deterinined by

by photoal>sorption i11 gas nnxture and is proportional to the gas pressure. The
1 lVTeV. The tube etH<·ien<‘y near tl1e low energy peak is eonipletely determined
ettieieriey has two features: a narrow peak at 20 keV and a wide inaxiinuni near
photon energies were set at ll) ke\'. The energy dependence of the PDT quantuin

if an electron is eniitted llll() gas vohnne. GEANT ents tor lllllllllltllll electron and
siniulation. ln GEANT siiitttisttmi it was also supposed that a. photon is deteeted

The results of raletilatioiis are shown in tig.;3 along; with the results ot GEANT
respectively.

Aga. are the photon niean ranges in the deteetor wall and in the gas mixture
where D is the part ot the photon trajeetory within the gas volume. /\w[i and

\A¥Ll ·`F,l>t_ l’.\[l)L l.

was Calculated as follows

The eontriltntion ot the photon absoiption in the gas to_ the PDT etli<·ien<·_v

were taken troin ,*7.3/

total at/,, and ditl`erential i`l'()>`~*>i‘t`ll()Il5 of pliotoelteet and Compton seattering
reaehes the tube gas volunie. and is equal to zero otherwise. The values of the
function f is equal to l it the elertron emitted at polar 9 and aziniuthal 46 angles
photon eorrespoiiding to Conipton scattering or photoetteet eross»seeti0ns. The
photon way. Ec is tl1e eiiergy ot the prodneed eleetron. ,\ is the mean range of the
photo11 within the wall betore absorption I see iig.4`I. tl is the wall thickness on the
\Vllt‘1`(’ E., is tl1e energy ot the ineident photon r is the distanee passed by the



Fig.6 '1`hc PDT count rate versus gas pressure OCR Output
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higher than that for 130 keV photons (iig.5). The main contribution to the OCR Output
that of gamma emission, the PDT efficiency for 14 keV X—rays is 25 times
photons. Although the probability of X—rays emission is 10 times less than

7Co 57Co emits X—rays with energy of 14.4 keV in addition to 122.1 and 136.5 keV

the measured efficiency for 60Co.

This have allowed determination of the efficiency for 511 keV photons using
with energy 1275 keV, which is very close to average energy of 6°Co photons.

2Na ln one decay the 22Na source ejects two 511 keV photons and one photon

extrapolating the results of measurements to filter of zero thickness.
source. The photon absorption in the filter was taken into account by
additional aluminum Hlters were placed between the tube and the radioactive
maximal energy of 514 keV, whose range in aluminum is 1 mm. Therefore

7Cs Apart from 661.5 keV photons the l37Cs source also emits electrons with

only 0.4 mm
cannot reach the PDT sensitive volume because their range in aluminum is
1253 keV. Electrons emitted by 60Co have maximal energy 314 keV and
Therefore the measured efficiency was attributed to their mean energy

OC0 This source emits in one decay two photons with rather close energies.

wall.

efficiency contains some constant contribution from photon interaction with tube
from 24lAm is only proportional to the gas pressure while in the case of 133Ba the
of these dependencies to the "zero" pressure shows that the efficiency for gammas
on pressure if tl1e PDT is irradiated by HIA111 or l33Ba. Moreover the extrapolation
interactions in the tube wall. On the other hand, the efficiency strongly depends
means that the PDT efficiency for °°Co photons is completely due to photon

kBq

4.0 5.7 I 106 I 42 I 61.2 I 94.5 I 4.2 I 10Activity, I 81.7
of c', keV

514Max.cn0rgy I 310

124

100 I 62.6 I 69 I 9.6% | 100
50.7 100 I 65 I 160 I 07 I 66 I96.2 I 27.7Emission. I 100

32

1275 I 60 I 14-20 I 14kgv I 1173

1115 824 I 662 I 511 I280-;ss0I 60 I 130 I 5.9Energy, I 1332

Source [ GUC'0 I 65Zn } 5*]\/In W 137Cs I "Na I 133Ba I 241Am I 57Co I 55Fc

Table 1



Fig.7 The PDT efficiency versus photon energy OCR Output
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is the main mechanism for gamma detection. The PDT efficiency reaches 6% at OCR Output
tion at this energies is negligible . Below 100 keV the photoabsorption in argon

gives the main contribution to the PDT quantum efficiency. The role of photoabsorp»
At photons energies more than 200 keV the Compton scattering in tube wall

GEANT gives systematically lower efficiency values than the experimental data.
with the experimental data only at low energies. At gamma energies Eq > 200 keV
experimental data. At the same time the results of GEANT simulation agreed
sensitive volu111e. Results of the calculation are in good agreement with the
that the photon will be detected if it produces an electron reaching the PDT

we have calculated the PDT efficiency in the frames of a. model based on assumption
ln order to elucidate the role of different processes that cause photon detection

were verified for the 60Co source by the 7 — 7 coincidence method.
radioactive isotopes whose activities were known with 1% precision. The results
gas mixture at 3 atm to gam1na—rays have been measured using a set of standard

The sensitivity of aluminum PDT filled with Ar + 15%CO2 + 2.5%iC4Hm

Summary

energy range.

are by a factor of two lower than the experimental values within the 0.3+1.2 MeV
agreement with the results of our model. At the same time the GEANT results

presented in fig.7, One can see that in the whole energy range they are in good
The measured values of the PDT efficiency at different. photon energies are

as in the cases of M‘Ain and 57Co.
efficiency at 33 keV the contribution of the 80 keV photons was subtracted

extrapolating the results of the measurements to `°zero" pressure. To find the
of tube count rate. The efficiency at 350 keV mean energy was obtained by
gainmas with different energies were separated using the pressure dependence

the PDT efficiency does not depend on the gas pressure. The contributions of
Also 133Ba emits photons with energies in the range of 280+ 380 keV where
80 keV photons whose detection probability is proportional to the gas pressure.

3Ba l33Ba produces the most complicated gamma spectrum. It emits 33 and

of their too short range.
oeparticles. but they cannot infiuence the results of measurements because

a calculated contribution of G0 keV photons. 24lAm also emits 5.5 MeV
than 60 keV photons. The efficiency value was corrected by subtraction of
1Am is given by L(Np) X-rays with energy between 14 and 20 keV rather

1Am As in the case of ‘r’7Co. the main contribution to the PDT efficiency for

supposing that efficiency to this photons is equal to the calculated value.

efficiency at 14 keV the contribution from 130 keV photons was subtracted
PDT efficiency in this case is given by X—rays. To obtain the correct PDT
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Problems, JINR.

The investigation has been performed at the Laboratory of Nuclear
0.45%.

average efficiency of the tube in the field of ATLAS gamma background is about

to give lower efficiency in the energy range of 200 keV < EV < 1300 keV. The
tions are in agreement with experimental data, while GEANT simulation tends
of the Monte Carlo simulation using GEANT code. The results of our calcula
with results of calculations in the frame of our simple model as well as with that
and 2.5%iC4Hm gas mixture at 3 atm. The measured efficiency is compared
been measured. The tube was made of aluminium and filled with Ar, l5%CO2
pressurized drift tubes for gammas with energy from 5.9 keV up to 1.3 MeV has

Using a set of commonly used radioactive sources, the efficiency of

Gamma Sensitivity of Pressurized Drift Tubes

Baranov S.A. et al.

(;UO6ll1(‘HMC (){7”1>C,'lHl1C1IlIUlll Hllx`1P1'1`\"11l S1,1CpHl»IX MCC.'1C‘Q1OB21l{}»il;‘1. ;ly6H2`1,

Pa6oTa Bb11lO.'lHCH2l B Jabopamopim siaepumx npo6;1eM Ol/1911/1.

ATLAS cocTaB:tsieT 0.45`

3i~ia¤ieime cpeaiicvi 9d)cpexT·uBHot`rt1*rpy‘6ox is ycnoavisix raMMa-dpona aerexropa

auaueimsi ad1dJei<rmmoci·vi ra siuanasorie oneprviii 200 KJB < E_r,< 1300 KJB.
I1C[)l/1MCHT£iv'1hHhlMll ,]LlHHhlMH, trorqa i<ai< GEANT Jaer 3HH1d)K€HHb1C B aaa pasa
GEANT. Pesymnarisi aauinx aisiuiicnemiiii xopouio cornacyiorcsi c oxe
>KCHHO1/1 Moaenvi. a *rai<>i<c c pe;sv.m>raTaMvi Mo,;1em1posaHi4si no nporpaivime

peaynwarbi cpammaaiorcsi is pesymjraramvi mauucneimvi is pamxax npe;1no·

Ar, l5%CO2 vi 2.5 ‘X»,zC4H ,0 ripu ;iaB,1ei~imi 3 arm. 3i<cnepuMeura.1subie
,L1_CTCKTO[)b16bl.'l11 visrororezieniii ns Llj'1K)Ml/lHMCBblX rpy6oi< vi 32lTIOf1H€1·{bl cmecmo
,]L1B./’ICH1ri$1 i< raMMz1-i4s.wyueHvix> B o6Jtacwi Juepriii/1 or 5,9 KJB ao 1,3 MQB.
vicrormuxoa 6r»t.1a uamepeiia ndxbekrusnocrs Jpevitpoahix rpy60i< BbICOKOl"O

Tlpn norvioum Ha6opa craaaaprusix icariviépoaaumsix paguoaxrnsnbix

abicoxoro ll3B.'lCH1#lS1

Ksauroaasi acpcbekriisuocril apeiidxmhix ·rpy6oi<
Bapauos C.A. vi glp.
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