


Introduction

The ATLAS muon detectors /1/ will operate at substantial neutron and gamma
background. While the main sources of the neutron background are hadronic and
electromagnetic showers in the detector materials caused by secondary particles
from primary interaction, the main sources of the gamma background are neutrons
themselves. Neutrons produce photons (mainly via the radiation capture (n,y)
reaction) with energies between 10 eV and 10 MeV. The low-energy gammas are
absorbed just near the production point by the detector material and the resulting
energy spectrum of gammas is harder and looks like the one presented in fig.1 /2/.
The simulation of radiation background for, ATLAS /3/ and for the analogous
detector of the SSC have shown that the gamma-quantum fluence i is only 1.5+4
times lower than the neutron fluence. If the muon detector efficiency for neutrons
is one order of magnitude lower than the quantum efficiency, the background rate
of detectors would be determined by photons. So the knowledge of the quantum
spectral sensxt1v1ty of muon detectors is vital for correct estlmatlon of the muon
system performance. '

The pressurlzed drift tubes (PDT) are aproved as the base detector of the
barrel muon system of ATLAS. Recently we have studied the spectral sensitivity
of the aluminum PDT for neutrons using a neutron beam from the JINR pulse
neutron source IBR-30 /5/. In the present we show the results of measurements
of the quantum efﬁcxency of the aluminum PDT in the ‘energy range from 6 keV
up to 1.3 MeV.

The first measurements of the spectral quantum efficiency of such type detectors
were carried out in 1950 for. Geiger-Muller counters using different radioactive
isotopes /6/. For the counter with 0.77 g/cm? bismuth cathodes filled with
Ar (9 cm Hg) and ethyl alcohol (1 cm Hg) mixture it was found that the absorption
of the gamma rays in the gas mixture can generally be neglected. The gamma
quantum is detected if it is absorbed in the counter wall and ejects an electron
into the sensitive volume of the counter. The efficiency essentially depends on
where the photon passes through the counter and has two’ pea.ks near the both
edges of the counter. An average efficiency for infinitely large source distance
depends upon photon energy and varies between 0. 7 to 2%. :

Recently the seénsitivity of iron, aluminum and mylar PDT to gammas from
89Co source was measured in the frame of GEM R&D /2/: The measured efficiencies
were approximately 1%, which is in good agreement with GEANT simulation.
Some discrepancies were pointed out only for mylar PDT.

-Experimental Set-Up.

The PDT efﬁciency for gamma-rays of different energies was measured by
irradiation of the detector with collimated gamma-rays from radioactive sources.
The activities of the sources were known within 1%. The schematic description of
the experimental set-up is shown in fig.2. The PDT was an aluminum tube 30 cm

F D0 huie mocll BASTETYY ¢
Shewardt Heonezosaued
B“bﬂﬂ L.Hh
——— NVIRRYTCRTRD, _ aat



w
g2 f

125 |

125 |

75 [

25 |

10 ~ 10 10°
- g : Photons energy, keV

" Fig.1 Expected spectrum of background photons

I Scintillator ] 5 Photomultiplier |——
'* 7Y —~source
n. -
[ -— - =0.02,
v

f Lead

Discriminator

High
voltage

Scaler 1 Scaler 2 Scaler 3

Fixg.2l/Schematic description of the experimental set-up

. I\ .
PN Discriminat
“ 1 IIE

long, 30 mm in diameter and of 0.5 mm thick wall. The signal electrode was made
of a 100 gm Cu-Be wire. The tube was filled with Ar + 15%CO; + 2.5%iC4H;o
gas mixture at 3 atm. '

The photon flux was collimated by lead blocks so that :the irradiated area
was about 9 cm?. The signals from the PDT were amplified and fed into the
discriminator. The PDT was operated in the limited streamer mode and the
threshold was set to 13.5 pA. The pulse width was 1 s in order to prevent counting

of the afterpulses. :
The tube efficiency was calculated as follows:
€= 47|-N —NBackGr
T nAtQ A’

where N and Npg,.qg- are the numbers of PDT counts with and without radioactive
source during the Af measurement time, n is the effective number of gammas
emitted by the source per decay, Q is the solid a.ngle subtended by the PDT, Ais
the gamma-source activity. !

In order to investigate the possible influence on the results of gammas scattered
into the counter by collimator, the count rate versus the collimator width was
measured. The results are shown in fig.3. The PDT rate is only proportional to
the slit width and the influence of an interaction of the photons in'the collimator
walls is inessential.

To check our results the PDT efficiency for °Co'photons was also measured by
the v — 7 coincidence method. The second photon was detected by a scintillating
counter (see fig.2). The scintillator was a polystyrene based 120 x 110 x 8mm?
rectangular bulk. The results of both methods are in good agreement with ea.ch
other. :

Efﬁciency Simulation«.if

For better understanding of the role of different processes causing photon
detection by PDT, the calculations in the frame of a simple model were carried
out. The contrlbutlon of pair production can be neglected because the role of this
process is essential when photon energies are more than 10 ‘MeV. In fig.4 the PDT
cross-section’and the trajectory of a photon passing through PDT at distance [
from its axis are shown. It was supposed that if an electron produced by interaction
of a photon with the tube reaches the gas volume, it will be registered with 100%
efficiency. It was also supposed that electrons: produced within the tube wall move
straight and their path length is determlned by their 1n1t1a.1 energy and equal to the
mean electron range in aluminum. /6/. Then one can calculate the contribution
of the photon absorption within the tube wall to the total quantum efficiency as
follows:
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‘Fig.4 Cross~s“eq".i6n'ol' PDT and trajectory of a passing photon

where E, is the energy of the incident photon , z is the distance passed by the
photon within the wall before absorption (see fig.4), d is the wall thickness on the
photon way, E, is the energy of the produced electron, A is the mean range of the
photon corresponding to Compton scattering or photoeffect cross-sections. The
function f is equal to 1 if the electron emitted at polar 8 and azimuthal ¢ angles
reaches the tube gas volume, and is equal to zero otherwise. The values of the
total o,,; and differential % cross-sections of photoeffect and Compton scattering
were taken from /7,8/. . : ;

The contribution of the plhioton absorption in the gas to the PDT efficiency
was calculated as follows: o

d iD :
— )] exp(—12-),

gas’

€= [1 — exp(—

where D is the part of the photon trajectory within the gas volume, A,.n and
Ages are the photon mean. ranges in the detector -wall and in the gas mixture
respectively. ‘ "

The results of calculations are show in fig.5 along with the results of GEANT
simulation. In GEANT: simulation it was also supposed that a photon is detected
if an electron is emitted into gas volume."GEANT cuts for minimum electron and
photon energies were set at 10 keV. The energy dependence of the PDT quantum
efficiency has two features: a narrow peak at 20 keV ahd a wide maximum near
1 MeV. The tube efficiency near the low energy peak is completely determined
by photoabsorption in gas mixture and is proportional to the gas pressure. The
efficiency magnitude and the shape of the left slope of the peak are determined by
the PDT wall thickness. The right slope of the peak is due to a decrease in the
photoeffect cross-section. _~ IR

For photon energies more than 200 keV the PDT efficiency. is mainly defined
by Compton scattering in the tube wall. The efficieney increases up to 1.5% at
1 MeV and then slightly decreases. In the low-energy peak range ;the GEANT
results are in good agreement with our model while at higher energies they are
lower by a factor of two. ' : B

Results - o ?

During the measurements 9 radioactive isotopes were used as sources of ganuna-
rays. Principal characteristics of these sources are presented in Table 1. .

For this measurements only >Mn, %Zn and **Fe are sources of pure monoener-
getic photons. The other isotopes have v's with different energies and nioreover
some isotopes eject charged particles. Therefore in each case it was required to
separate contributions of photons of different energies. For example, fig.6 shows
the dependence of the PDT count rate on gas pressure for ©Co, 2! Am and '**Ba.
In the case of °Co the count rate "practically does not depend on pressure. It
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Table 1

Source 9Co | 8Zn | ¥Mn | ¥Cs | 2Na | 3¥Ba | 'Am | ¥"Co | %3Fe
Energy, 1332 | 1115 | 834 662 511 | 280-380 60 130 5.9
keV | 1173 1275 | 80 | 1420 | 14
33 ‘
Emission, '{ 100 | 50.7 100 85 | 180 97 36 -96.2 | 27.7
% 100 - 100 32.8 39 - 9.6
: 124 .
Max.energy | 310 - - 514 - - - - -
of e7, keV ) ' '
Activity, 81.7 | 4.0 5.7 106 42 81.2 94.5 42 10°
kBq ‘ ' :

means that the PDT efficiency for ®°Co photons is completely due to photon
interactions in the tube wall. On the other hand, the efficiency strongly depends
on pressure if the PDT is 1rradxated by 2! Am or **Ba. Moreover the extrapolatlon
of these dependencies to the ”zero” pressure shows that the efﬁclency for gammas
from 241 Am is only proportional to the gas pressure while in the case of !33Ba the
efficiency contains some constant contribution from photon interaction. w1th tube
wall. :

0Co This source emits in one decay two photons with rather close energles
Therefore the measured efﬁc1ency was attributed to their mean energy
1253 keV. Electrons emitted by ®Co have maximal energy 314 keV and
cannot reach the PDT" sensitive volume because their range in aluminum is
only 0.4 mm /6/.

137Cs Apart from 661.5 keV photons the 137Cs source also emits electrons with
maximal energy of 514 keV, whose range in aluminum is 1 mm. Therefore
additional aluminum filters were placed between the tube and the radioactive
source.  The' photon absorption in the filter was taken into account by
extrapolatlng the results of measurements to ﬁlter of zero thlckness

#2Na In one decay the 22Na source ejects two 511 keV photons and one photon
with energy 1275 keV, which is very close to average energy of %Co photons.
This have allowed determination of the efﬁc1ency for 511 keV photons using
the measured efficiency for G(’Co

57Co 57Co emits X-rays with energy of 14.4 keV in addition to 122.1 and 136.5 keV
photons. Although the probability of X-rays emission is 10 times less than
that of gamma emission, the PDT efficiency for 14 keV X-rays is 25 times
higher than that for 130 keV photons (fig.5). The main contribntion to the
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PDT efficiency in this case is given by X- -rays. To obtain the correct PDT
efficiency at 14 keV the contribution from 130 keV photons was subtracted
supposing that efficiency to this photons is equal to the calculated value ‘

241Am As in the case of 57Co the main contrlbutlon to the PDT efﬁc1ency for
21 Am is given by L(Np) X-rays with energy between 14 and 20 keV rather
than 60 keV photons. The efficiency value was corrected by subtraction of.
a calculated contribution of 60 keV photons. ?#'Am also emits 5.5 MeV
a-particles, but they cannot influence the results of measurements because
of their too short range.

%Ba "Ba produces the most complicated gamma spectrumn. It emits 33 and
80 keV photons whose detection probability is proportional to the gas pressure.
Also Ba emits photons with energies in the range of 280+ 380 keV where
the PDT efficiency does not depend on the gas pressure. The contributions of
gammas with different energies were separated usmg the pressure dependence
of tube count rate. The efficiency at 350 keV mean euergy was obtained by
extrapolating the results of tlie measurements to ” zero” pressure. To find the
_efﬁcxency at 33 keV the contribution of the 80 l\eV photons was subtracted
as in the cases of 2! Am and %"Co.

The ‘measured values of the PDT efficiency at different photon energles are
presented in fig.7. One can see that in the whole’ energy range they are in good
agreement with the results of our model. At the same:time the GEANT results
are by a factor of two lower than the experlmental values within the 0. 3 1 2 MeV
energy range. : :

Summary

The sensitivity of aluminun PDT filled with Ar + 15%CO; + 2. 5%:C4H;o
gas mixture at 3 atmn to gamma-rays have been measured using a set-of standard
radioactive isotopes whose activities were Lnown with 1% precision. The results
were verified for the ®*Co source by the y — v comc1deuce method

In order to elucidate the role of different processes that cause photon detection
we have calculated the PDT efficiency in the frames of a model based on assuinption
that the photon will be detected if it produces an electron reaching the PDT
sensitive volume. Results of the calculation are in good agreement with the
experimental data. At the same time the results of GEANT simulation agreed
with the experimental data only at low energies. At gamma energies E, > 200 keV
GEANT gives systematically lower efficieiicy values than the experimental data.

At photons energies more than 200 keV the Compton scattering in tube wall
gives the main contribution to the PDT quantum efficiency. The role of photoabsorp-
tion at this energies is negligible .- Below 100 keV ‘the photoabsorption in argon
is the main mechanism for gamma detection. The PDT efficiency reaches 6% at
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18 keV.. The photons with energy below 10 keV cannot pass through the tube wall
and the energy of produced electrons is to low to reach the gas volume..
‘ Based on the resu}ts for PDT sensitivity to gammas an average PDT efficiency
for ATLAS photon bad\ground have been calculated. The mean efficiency is
~ determined ‘to be 0.45 %. Comparing the:PDT efficiency for photons and for
neutrons /5/ one can conclude that the photons contribution to the PDT occupancy
is by a'factor of two more than that of neutrons. ' '
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Hpu nOMoum na6opa crauuapmblx xanuﬁpouaﬂnblx pauuoaxruuﬂmx
‘ {ncroq}mxou ‘6euTa ‘u3MepeHa '9hheKTHBHOCTH. IlpCPICbOBbIX proox "BBICOKOIO
'|- maBneHus K ramMma- uanyqenmo B obnactu 3nepmu ot 5,9 k3B uo 1, 3 M3B

| ZleTeKTopHI Obi/ii H3TOTOB/IEHbI U3 ATIOMUHHUCBEIX pr6ox Y 3aNOJTHEHEI CMECBIO |

Ar, 15 /0C02 . 25/01C4H10 TpH J:(aunemm 3 -atm. 9KCHCpHMCHTaJIthIC
: -peaynbrarm cpaunnualorcsr c peaynbraramn qunc.nemm B pamKax npezo-

| XEHHO MOJenH, a TaKXe C peaysbTataMu Monenupouanmr no nporpamme i
- | GEANT. Pesynbrarsi- Hamnx -BBIYMCJAEHUHN  XOpOLIO cornacylorcsr €. 9KC-

o ;nepumemanbnbmu HaHHBIMH, TOTAA KAK GEANT IAaeT 3aHNXCHHEIE B uua paaa [

3HAuCHUSA 3d)d)exmsuocru B AManNasoHe 3neprpm 200 k3B < E, < 1300 xaB ,

i Buaucnne cpenHei 3d)d)exrnuuocru pr6ox B ycnounsrx ramma d)oua nerexropa
| ATLAS cocrasnser 0, A5%. : s
: Pa6ora BbIHOJIHCHa B JIa6opaTopm1 smepnbrx npo6neM OI/ISII/I

e CooSmenue Oﬁbeuuueuuoro uncruryra nuepnblx uccnenouauuu ,Ily6ua, 1995

Baranov S.Aet al

\ e . E13-95-39
Gamma Sensmvnty of Pressurlzed Drrft Tubes L

Us1ng a- set of commonly used radloactlve sources, the eff1cnency of'
a5 pressurlzed drift tubes for gammas with energy from 59 keV uptol.3 MeV has’

-fbeen measured The tube was made of aluminium and filled with Ar,'15 %COZ:
~'and 2.5 A,zC4H10 gas mixture at-3 atm. The measured eff1cnency is comparedu
~with results of calculatlons in the frame of our s1mp1e model as well as with that
of the Monte Carlo simulation using GEANT code. The results of our calcula-
; tlons arein agreement w1th experlmental data, wh11e GEANT simulation tends
}to g1ve lower eff1c1ency in the energy range of 200 keV < E <1300 keV The*
: average eff1c1ency of the tube i in the f1eld of ATLAS gamma background is about

1:045%.-. »

}i< The 1nvest1gatlon has been performed at the Laboratory of Nuclcar
- 'Problems JINR B ot £ : :




