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Abstract

The charge concentraiion in an ionization chamber exposed
to an electromagnetic field is calculated up to moderately high
dose rates. From this the ionization current is derived for
continuous radiation fields, for pulsed radiation fields with low
and high repetition rates, as well as for a single radiation pulse.
The calculations are checked with an argon-filled chamber for
pressures between 1 and 50 atmospheres, average dose rates up to
10 rad/h, end repetition rates between 1 and 50 Hz (duty cycles

6

between 2 x 10~ and 1 x lO_h). Without the use of a free parameter
an agreement better than 20% on average is achieved. The suitability
of the chamber for radiation survey at the DORIS storage ring is

discussed,
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1. Introduction

At most accelerastors the radistion survey is carried out with
ionization chambers. Because wé are desling almost exclusively with
pulsed radiation fields, high instantaneous dose rates may also occur with
fields, which could lead to difficulties in the case of instruments count-
ing single pulses. For example, the pulse ratio of a typical electron

3, so that dose rates of

linear accelerator is about 1 x lO_h to 1l x 10
up to 100 rad/h can occur in accéssible areas during the radiation pulse.
The main task in dimensioning an ionization chamber consists of investi-
gating how large the measurement errors caused by insufficient saturation
will be in the expected radiation fields.

The task becomes even more difficult when short radiation pulses
occur only once, This is the case, for example, in a storage ring when the
stored beam is lost throﬁgh o breskdown in a time that may be between 10ﬂ2
sec and a few seconds., The dose occurring in such situations in
accessible areas should be measured, and it should be investigated
whether this task can be carried out by the same ionization chambers that
monitor the dose rate during normal accelerator operation.

The general theory of the ionization chamber leads to a complicated
system of differential equations, which cannot be solved generally. One
nas to rely on the discussion of special cases, and the case of the
pulsed radiation is not treated very extensively in the literature.

Above all, the work of Boag [1] should be mentioned here; comparison with
experiments is lacking.

The dose in accessible areas near electron accelerators is due mainly

to the electromagnetic radistion component. For this case, and neglecting



the influence of the space charge and diffusion processes, we obtain a
simple Riccati différéntial équation as a général description of the
ionization current, In thé examplé of a cylindrical chamber filled

with argon we can show that in a widé préssure range {1 to 50 atm)
agreement with calculations to within 20% can be obtained for the
following cases: radiation constant in time, pulsed radiation with pulse
separation greater than the ion-transit time, and pulsed radistion with
the pulse geparation smaller than thé ion-transit time. As an spplication
example we report the properties of the ionization chamber which is to be

used in the radiastion survey at the electron storage ring.

2. Theoretical considerations

In the following we shall try to describe the behavior of an
ionization chamber with simplified assumptions. As an example we take argon
a8s the filling gas.

The following assumptions are made:

1} The filling gases are mostly technically pure gases, on whose
impurities no data are available., We assume, therefore, that the
electrons freed in the ionization associate immediately with
impurity molecules (X), so that equal numbers of Ar+ ions and X~
ions are present. ‘These should have the same mobility. Assccia-
tions of electrons with large immobile molecules (for example oils

+ , .
or aerosols) and formation of Ar2 ions will not be considered.

2) Because we are only interested in the electromagnetic radiation

and not in radistion components with higher ionization density,



we shall consider only ion-ion volume recombination. The neglected
series recombination should lead to an overestimate of the ion

current at higher pressures.

3) The influence of the ion cloud space charge on the electric field
in the chanber will Be negligible, By making this assumption we
restrict ourselves to not too high pressures and not too high dose

rates.

4}  The diffusion of ions caused by their thermsl motion will be

neglected.

2.1. General equation for the ion concentration

The time varistion of the ion concentration n(t) is given by the
concentration (q) formed in unit time by the irradiation minus the

concentration lost in unit time through recombination and ion removal:

2, -
gf = @ = ne - ny . (1)

where o is the recombination coefficient and y is the removal coefficient.
Equation (1) is a Riccati differential equation, which can be

solved if a particular solution has been obtained. Such a solution is

provided by the stationary case dn/dt = 0; we then have:

n= -l— (r‘i + lluq;'\f:l - 1)- (2)
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With the solution rules for the differential equation [3] and the

initial condition that at time ¥+ = 0 the concentration n = n, we get:



a(e) = X - =,
1 + 2 ~| (3)

where v/"“*ﬁ————f—
w = 1 +haq/y .

2.2. Determination of the parameters

With constant irradiation and constant removal the ion concentration
reaches equilibrium according to equation (2). The constant removal can
be thought of as a constant inerease of the volume behind the respective
electrode: V(%) = v+ Vz(t). Tﬁe "removed' ions then f£ill this
additional wvolume VZ with the same concentration as they had in the
original volume Vo. The "growth rate' of the volume, dV/dt, is given by
the original volume Vo and the maximum time tL required by an ion to
traverse this volume,

Since I = dQ/dt, we can write:

v
I=en-§—t‘£=en-9--
£, (%)

From the relation (&) the maximum ion-transit time tL can be calculated:

vo
L, = v (4a)
dt
If we assume a cylindrical geometry and apply a volitage U between the
inner eleectrode (rl) and the outer electrode (r2), a redial field Er(r)

is produced, which endows ions of mobility k with a velocity Vot



Then:

dV dv )
at “dr "V T 2Ther*k Er(r) (5)
r
U 2
and with Ep(r) = ¢ In 3
we geb g% = 2qh kU = '
2
In —
r

With equation (ka) it then follows that

. )
1 2 2 2
tL = m (1‘2 - rl ) in rl . (6)
If we write
G
ST T (6a)

the total geometry-dependent part is combined into G and the following
relations are generally valid; if a particular chamber geometry 1s used,

only the corresponding expression for G has to be inserted.

Bxamples:
Plate geometry: Gp = a?
Cylindrical geometry: g u l—(r 2 _ . 2) In f& (6b)
Z 22 ! r,
Spherical geometry: GK - ; (r23 _ r13) ( %T _ %; ¥

Figure 1 shows as an example the dependence of tL for an argon-
filled test chamber, described in detail in Section 3, as & function of

voltage and filling pressure (for the dependence of the mobility on

pressure see Section 2.23).



2.22, Removal coefficient y

According to equation (1), ny is the number of ions of one polarity
which is drawn off by one electrode per unit volume in unit time, These

ions produce a current of magnitude:

I = e ny * Vo. (7)

By comparison with equation (U4} we then get the removal coefficients:

]
Y ='§:—1?- (8)

According to Section 2.21, «y can thus be calculated from the geometry, the

high voltage, and the mobility of the ions,

2.23. Recombination coeffiecient a

Great difficulties are encountered in the experimental determin-
ation of recombination coefficients. For this reason only few values
have been measured, and only for the most commonly used gases [2,h].

For higher pressures (p 3 3 atm) it has been shown that o is proportional
to 1/p and that its approximate value is given by the Langevin equation.

According to this equation:

@ =S a4 k) (9)
[

where k 1s the mobility of the ion types and € is the influence
constant {MKSA unit system), The experimental values of o are generally

lower, so that a factor € <1 has to be introduced into equation (9) [k]:

e .t ., .-
=€ (k +k),
o

(92)

That such a factor <1 should occur can be explained when one examines



the Lengevin assumptions in greater detail., The estimate is based on
the assumption that an ion pair occupiés the volume hﬂro3/3; where r,
is the mean séparation bétweén two ions of opposité polaritiés. But
this is an overestimate, By assigning a spherical volumé of radius
r0/2 to each ion, one obtains for an even distribution of thé ions
closest spherical packing with a filling factor of 0.Th. With this,

the volume per lon pair becomes

and we obtain the value € = 0.3h,
For pressure ranges above 1 atm the 1/p dependence spplies to the
mobility. With the improved Langevin assumptions one therefore obtains

for the recombination coefficient:

2 % (90)
a = 0,3 . 7
4]
For all ealculations the value
cm2
ko w 1.6 -‘:'-g— atm

is used for the mobility of Ar+ ions in Ar (and therefore also for X

ions in Ar; see Section 2,assumption 1) [2].

2.24, Generation_rate g

The generation rate g is the number of ion pairs that are produced

per unit volume in unit time within the ionization chamber:

o

L ..GC d 4o 10
q e dt ( dm )G' (10)

where is the density and m the mass of the filling gas.

Pg



If a radicactive source is used for the irradiation the ion dose
in air is known at the point where the icnization chauber is situated.

We then have (see, for example, [5]):

W (u_/p)
dE - L en G , d
( dm )G e (uen p)L ( Eg )L ) (11)

The parameters (pen/p) are the mass-energy absorption coefficients in
the filling gas or air and Wy, is the mean energy required for the

formation of an ion pair.

On the other hand,

Yo

B —
e .

( dE

dq
dm )e Cam 6 (12)

where W, is the mean energy required for the formation of one ion

G
pair and (dQ/dm)G is the equilibrium ion dose in the filling gas.
From equations {11} and (12) we find that

dq wL (uen/p)G dq )

dm ‘¢ "ﬁ; (uen7p)L ‘O ' (13)

The commonly used unit for the dose rate (jL) is

o'l 4

R .
!E‘“7|16.| g

With this, and equation (13), we obtain in equation (10):

W, (u__/p)
-11 Pg My, en'?’q * AR
= 7.16 + 10 .} ‘. L 14)
1 e W, (uen7p)L ncdp gR * (

The parameter n takes into account the absorption of the primery radiation

in the wall of the ionization chanber.

Since
_P_E_
P =05 T
]

10



We can write

g=M+poJ, (15)

For example, in the case of a chamber with argon filling, at 25°C,

we get:
M= 2,72 ¢ 109 3|
em” atm R
This involves
E-JL = 33,7 eV
wAr = 26.2 eV

The energy-sbsorption coefficients are energy-dependent. However,
equation (14) contains only the ratio of two coefficients. If one
60
(

uses the values at 1.2 MeV Co}, the variation of the ratic between

0.725 and 4.5 MeV is smaller than 10%.

- 2,
(iien/p)L = 0,0268 cm /g

ET = }{,2 MeV
2
(uen/p)Ar =0.0238 em“/g
pir = 1,78 10_3 g/cm3 . (0%; 1 atm)
n = 0.9] (5 mm Fe; Ey = 1.2 MeV)

If one uses the value of the 60C0 energy also for n, the maximum

error in n between 0.4 and k MeV is smaller than 5%.

11



This denotes a generstion rate of

5 ]
q=17.56 10 3 .

cm s

with a filling pressure of 10 atm and en ion dose rate of 0.1 R/h.

2.3, Discussion of some speclal cases

After relationships for the parameters  , g, and 4 have been
obtained, which depends only on the variables, p, J, and U and on the
geometry (equations (9b) and (15), (8), (16} ), these psrameters can
be calculated for all cases occurring in the application. One can now

discuss equation (3) for some special cases and evaluate it numerically,

2,31, Continuous radiation field

A continuous radistion field is a fieid constant in time as, for
example, produced by a radioactive source with long half-life, On and
off switching processes should here be ignored or should be negligibly
short compared with the actual measurement process.

Tn such a field an ionization chamber produces, according to

equation (7), an ionization current of:
I .
= an Y Vo
With en initisal concentration no = (O after switching on, and with

constant irradiation and removal, equation (3) produces the equilibrium

concentration of equation (2). ¥From this follows an ion current of

12



2 16
L=ev, %E (// I + 4 o Q/Yz - ). (16)

With equations (6) and (8) it follows for the saturation curve

r=av2 ¢/ 1+l -0y, (162)

where we used the abbreviations

2
eV k
- o 1 _ 4 a 2
Ar—2—0 . L ana Bzigd.g? (16v)
20 G k

where G is the geometry factor of equation (6a). If the voltage becomes
very large, the ionization current becomes constant, i.e. the saturation
of the chamber is reached, It then follows for the saturation current

from equations (16} or (16a) that

Iy =e Yoq or IS = AB/2 (17)

2.32, Pulsed radistion field; low pulse freguency

A pulsed radiation field is produced, for example, by & pulsed
accelerator. In this we esssume that the pulse itself is very short (tp)
compared with the repetition time (tw). A low pulse frequency means
that tw is large compared with the maximum ion-transit time (tL) in the
chamber, i.e, that all ions are already removed from the chamber wvolume

when the following radiation pulse produces new ions. In addition, we

should have t << t_.
P I

Under such conditions the ionization current is largely time-

dependent. For this reason it is convenient to measure the time integral,

i.e. the charge per radistion pulse,

13



The process is described by the sequence of a switching on and
8 switching off process, If the radiation pulse is very much shorter
than typical ion-transit times (tp'<< ts seé above); we can assumé that
no recombination takes place during the time tp.

From equation {3) with n =0 anda = 0 there follows a linear

increase in concentration {switching-on process):
n{t) =q - t {18)

At time tp the irradiation ends and the concentration in the
chamber is no = q tp {initial concentration for the switching-off process).
Following this, the oppositely charged ion clouds move apart because
of the applied voltage., Recombingtlon can only take place in the volume
in which both ion types are still present {recombination volume). This
volume becomes smaller asnd smaller, but within it the concentration is
only reduced by recombination, With the initial concentration n and
@ =0 and y = 0 (switching-off process), we get from equation (3) for

the recombination volume the concentration:

t
Q

n(e) = é+anoc * (19)

The current measured at time + on the electrodes corresponds to
an ion concentration that has existed at time t/2 in the reconbination

volume, It then follows with equation (7):

n
0

I(t) =eV v —
° J+an L (20)
o 2

where n = q.tp after equation (18). The time course is shown in

FPigure 2 for an example and for the tesgt chamber from Section 3. Through

14



integration we obtain the charge per radiation pulse:

o

t
L . N
- _ 2y o
Q l I(e) dt = e V =0 dn (I + 5= q » € (21)

As with the continuous field, we can also collect the constant

parameters here to obtain the saturation curve:

Q=CU1n(I+]—S-), (21a)
with the abbreviations
2 e Vo k | ¢ qt
C & e v — and p& ——P + G, (21p)
a G 2k
For very high voltages we obtain the saturation value:
QS = a Vo q tp or QS = C.D (22}

If q is to be calculated from the mean dose rate, we must write here for

g in equation (15):
(23)

From a comparison of equation (22) with equation (17) we see that
the considerations for both radlation fields lead to the same results
in the case of complete saturation. This is also plausible, because
without recombination losses the ion current in the continuous field has
to be equal to its time-average value in the pulsed field if the dose

rate or its average velue are equal,.

2.33. Pulsed radiation field; high pulse frequency

In the following we drop the condition that the repetition time tw

15



of two pulses should be longer than the maximum transit time of ions
within the chamber; in other words; wé now have a casé where thé néxt
radiation pulse produces ions béforé the old ion cloud has passéd of f,
The space charge distribution is now no longer as simple as in
Section 2.32, but is a superimﬁosition of two or more such earliér
concentration distributions, and ions of different generations can
recombine with one another.

To simplify the situation we assume that the residual charge still
present in the chamber at the arrival of the following pulse is
distributed evenly throughout the total volume. The error introduced
heré is certainly negligible as long as tL >> tw’ but it beqomes notice-
able when t, and tw are approximately equal (see Section 3.3).

L
The residual charge after the first pulse can be calculated with

equation {21): ¢
L I’
) ]l +-an_ t
Qq = J I(t) dt = e V_ 2Y 14 ¢ ? °© L.y (2h)
G l +=an_ ¢t
tw 2 o W

where n,o=aq tp.

If this charge is distributed throughout the total chamber volume we

obtain a residual concentration of:

=S
np = oy (25)
o
and, after the arrival of the next radiation pulse, we get a new initial

concentration:

n'=n +n,, with n_= q.t

o o R o P
This is followed by charge separation and recombination as before and a

new residual concentration nR'. After the following pulse we have the

16



initial concentration

and so on (Figure 3).

The initisl concentration thus incréases pulse by pulse, until
its growth is bslanced by increasing recombination. In this way a
"switching-on process" is set up, which dépénds on the incoming dose
rate and the voltage.

The saturation curve is obtained by integration of the current as in
equation (24) after completioh of the switching-on process, The current
pulses become shorter with increasing voltage because tL ~ 1/U. With

the voltage U _, at which t, = tW the case described in Section 2.32 is

L

reached again.

2.34, Solitary radiation_pulse

During a short solitary radistion pulse whose duration td is smaller
than, or comparable with, the ion-transit time tL’ 8 concentrdtion equili-
brium cannot be feached.in the chanber. The switching-on and switching-
off processes must therefore also be considered., The measurable charge

Qﬁ is the integral over a current curve like for example in Figure b

td+tL td td+tL
Q = J I(c) dt = e V y'( J n, (£) de + f n,(t) dry, (26)
o] o’ td -

Here n,(t) is the concentration of equation (3) ana na(t), the switching
off process, has the same form as in equation (20), where now n = nl(ta)

(see Figure k).

17



Integration gives:
U=+

(27}

-ywt
-y w-1 d  w+l _
e Vo % [2 ln(—E; e t o ) + (w-1) Tty ]

)
i

2y 1
e Vo 5 In (1 + 7 ¢ng tL)

o
N
[}

=
i

= n(td) from equation (3), and

wa 1+ 4ath2

The charge at full saturation (U » =) is

st = e Vo q td' (28)
With this the measured part of the really produced charge, Qd/QdS’ can

be calculated.

3. Comparison of the calculations with experiment

The measurements were carried out with a cylindrical ionization
chamber filled with argon. A pressure container (diving bottle) with a
volume of approximstely 5 liters and with a wall thickness of 5 mm
steel, permitting filling pressures of up to 50 atm, was used as the
chamber casing. The ion trap was introduced and insulated through the
neck of the container® (Figure 5).

The sensitivity of the arrangement and its energy dependence are
illustrated in Figure 6.

The ionization current in all meassurements was determined with the

aid of a current integrator.

* Manufactured by Physikalisch-Technische WerkstBtten Dr. Pychlau,
Freiburg i.Br,
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3.1. Continuous readistion field

The fiéld was ;roducéd with a 6000 gource having an activity of
2 Ci., "The chauber was operatéd at four different dlstances corresponding
to mean ion dose rates of 0.6, 1, 2, and & R/n. At each distance the
pressure was varied between 2 and 50 atm and the high voltage between 0
and 3 kV,

A typical example of & saturation curve is seen in Figure 7 for the
example of p = 8 ptm and J = 2 R/h. Besides the measurement points the
curve caleculated with equations (16) or (16a) is drawn; the curve does
not contain an adaptation parameter.

Figure 8 shows the pressure dependence of the ratio of calculated
to measured saturation currents. A weak pressure dependence can be
recognized, which is, however, not significant (within the error limits).

In order to judge agreeuent in the recombiﬁabion area, it is
appropriate to compare the measurements and curves normelized to the
ssturation velue. Since the saturation could not be reached up to 3 kV
in many measurements (in particular at high pressure ahd/or high dose
rate), the measurement points and equation (16a) were adapted and IS was
was calculated from the pasrameters A and B with equation {17}. Through
the fitting procedure the experimental values are loaded with an error
of up to 20%. In order to show the deviation from measurements, the
caleulated normalized current (I/IS)Calc was fitted to that voltage for
which experiment gave the value (I/IS)exp = 0.5; the filling pressure
was chosen as the abscissa (Figure 9). |

An increase in the deviations from the nominal value of 0.5 at higher

pressures can be seen, particularly at high irradiation. The experimental
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current value is below that of the calculsation, indicat:i:ng that here
the volume effect is probably no longér the only deciding mechanisnm
of the récombination.

The depéndénce of thé dégréé of saturation on pressure and ion
dose rate is given for a voltagé of 1.8 kV in Figures 10 and 11, The
continuous curves result from équations (16) and (17). Here also the
same result can be seen: the agreement is the better the smaller is
the dose rate and the filling pressure. The mean deviations over the

total measurement range are about 20%.

3.2. Pulsed radiation field; low pulse frequency

The measurements were carried out at the Linac 23 +the radiation
source was the scattered radiation from 350 MeV electrons. The pulse
frequency was varied between 50 and 0.8 Hz and the pulse length was
2 usec. The various irradiation strengths were achieved through
cholice of the measurement position.

The measuring chamber was filled with 10 atm of argon. No change
in pressure occurred during this experiment. The ionization current
was integrated as in Section 3.1. In order to detect machine
fluctuations an additional monitor chamber was placed directly beside

the measurenment chawber,

The determination of the mean dose rabte was carried out with phosphsate

glass dosimeter apparatus. Different small glasses were fitted around

the chamber and enveloped in 0.8 mm Cd to achieve a similar sensitivity

curve to that of the chamber (and to abéorb thermal neutrons). The glasses

are calibrated with,6000 in rentgen units, Since no radiation eguilibrium
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exists at the Linac, energy dose units were used here énd we pub

1 R =1 rad, Despite the different sysiematic errors from which this
method suffers the agreement with the calibration of the saturation
current on the 6000 source is better than 20%,

In the following the assumptions of Séction 2.32 apply; that is, the
repetition time of two pulsés should be gréater than the maximum transit
time of the ions within the chamber. The working range is therefore in
the region to the right of the corresponding curve in Figure 1., With
g filling pressure of 10 atm the assumption is valid, for exsmple, at
a pulse frequency of 6 Hz down to 1.4 kV, and at 0.8 Hz down to O.i8 kV,

As an example of the results, the saturation curve for the case
0.8 Hz and 1 rad/h is shown in Figure 12. The curve calculated, accord-
ing to equation (21) and (2la) is also drawn in. For all measurements
at which the saturation was reached up to 3 kV the agreement between
the calculated and the experimental saturation values is better than

10% (see Figure 13),

3.3. Pulsed radiation field; high pulse frequency

Corresponding to Section 2,33 we now examine that part of the
measurements at the Linac for which the ion-transit time is greater
than the repetition time of two accelerator pulses.

Figure 1t shows three normalized measurements with their respective
calculations, A relatively good agreeﬁent for 50 Hz and 12.5 Hz
(maximum deviation 20%) can be seen, whereas at 6 Hz diserepancies of
up to 30% occur. The agreement in the recombination range is shown in
Figure 15, Here too we find the greatest deviations with measurements

3 and T, both carried out &t 6 Hz. (The error bars contain inaccuracies

21



in the dose determination and machine fluctuations of altogether
+ 15%).

The reason for this is indicated in Séction 2.33. Through the assumed
even distribution of the résidual chargé throughout the total volume the
error becomes largest when the ions aré néarly drawn off, before the next
pulse occurs, i.e. when t; % t . This Is exactly the case at 6 Hz

w

(tw = 170 msec)}. According to Figure 1, tL varies for example between
450 and 160 msec when the voltage rises from 0,5 to 1.k kV; this is,

however, the area of maximum deviation in Figure 1k,

3.4, Comparison between results from continuous and pulsed radiation

If we consider the time-average value of the ionization current
and the dose rate for the pulsed radiation, we can compare the results
of measurements and calculationsrdirectly with those for a continuous
field.

In Figure 16 all messurement points uprto 10 rad/h and the theor-
etical curves [equation (16) and the time-average values of equation
(21)] are drewn for both fields {at constant voltage U-= 1.8 xV and
the same pressure p = 10 atm)}. As expected, the two curves are
identiecal for small dose rates (upper graph of Figure 16) and form a
straight line because saturation has occurred (see the end of Section
2,32). 'The mesasurement points confirm this statement. At higher dose
rates the two curves diverge because of the different degree of
saturation (lower graph of Figure 16).

From this we can draw the following conclusicn: In order to know
the saturation behavior in the pulsed field (any pulse ratio, but pulse

duration tp very much smaller than the maximum ion-transit time tL) at
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not too high dose rates, it is sufficient to examine the chamber in
the continuous field {this is mostly simplér and easier}. At low

dose rates (for the test chamber and thé above parameters up to aboutb
1 rad/h) the currents are equal, and at highér dose rates (up to about
ten times the dose rate for which full saturation still occurs) the

currents are generally indistinguishable within their errors.

4,  Results and conclusions

The current of an ionizstion chamber in an electromagnetic radiation
field was calculated absolutely, i.e. without using a free parqmeter to
be adapted, under assumptions which are valid for not too high dose rates.

Using an argon-filled test chamber, the results of the calculations
were tested in a continuvous radiation field\(for pressures up to 50 atm
and dose rates of up to 4 R/h) and in a pulsed radiation field (for
pulse frequencies between 1 and 50 Hz, corresponding to a pulse ratio

between 2 x 10"6

and 1 x lO—h, and average dose rates up to 10 rad/h).

If the chamber is working in the saturation range the agreement
between measurement and calculation for both radiation fields is better
than 20% for pressures between I and 50 atm, pulse frequencies between
1 and 50 Hz, and (average) dose rates of up to about 5 rad/h.

Tn the recombination range the agreement for continuous fields is
also better than 20%. 1In pulsed fields only an agreement better than
30% can be achieved {except for the cases in which the time between two
pulses is about equal to the maximum transit time of the ions).

It is shown that the saturation behavior of an ionization chamber

in continucus and pulsed fields at the same mean dose rates differs

muich less than one would expect on the basis of the high momentary dose
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rate during the pulse. In practical cases it will thus be sufficilent
to check with a radiocactive sourcé thé cslculation of the degree of
saturation of a chamber for usé in a pulséd field,

No measurements for a solitary radiation pulse are as yet
available. Only the calculated dégreé of saturation for different

pulse doses and pulse times can therefore be given.

5. Tonization cheamber for radiation survey at the electron storage ring

The argon chanber described in Section 3 is to be used for the
radiation survey at the DORIS storage ring. TIts main task is the
measurement of the dose and the dose rate during injection into the
storage ring. Besides this, it would be desirable if the dose produced
on & sudden loss of the stored beam would also be registered by the chamber.

The filling pressure and the high voltage should be such that the
chanber operates in the range 0.1 mrad/h to 10 rad/h. The voltage is set
as high as possible, to 1.8 XV, The pressufe mist be low in order to
realize the upper measuring limit, but on the other hand it has to be
high enough so that sufficient current is available for the integration
when working near the lower limlt of measurement.

The-injection of electrons into the storage ring is planned at about
1 Hz, That is, one can use the calculation of Section 2,32 and estimate
the degree of saturation. In this way the dose rate achievable at constant
degree of saturation is plotted as & function of pressure in Figure 17T.
From this we read that at s filling pressure of 10 atm and 10 rad/h the
saturation will be between 80 and 90%.

The sensitivity of the saturated chanber with a y-energy of 1.2 MeV is:

I _(5.8+0.3) 100 & (29)
.. - E—éi L] atm
p*D h
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(see for example Figure 16). This means that at a lower limit of 0.1
mrad/h and at a préssuré of 10 atm a currén# of 5.8 % 10"13 A is to be
integrated, This can bé'achiéved'easily with modérn MOSFET circuits.,

The probléms with a suddén bé&m loss in thé storage ring are
more difficuit. Véry high dosé ratés can thén momentérily oceur, which
means a low degrée of saturation of the chamber. With equations (27) and
(28) it is possiblé to calculate the saturation. Figure 18 shows the
saturation values for different doses as a function of the fime in which
the beam loss occurs. With breskdowns in the magnet or high-frequency
supplies these times should be z‘:tbov'e'lo'_2 sec, the damping cosntant of
the storage ring is 1 x 1072 sec at 3 GeV [7]. With a loss of 6 A the
dose to be expected behind 1 m of normal concrete is about 10 mrad [81.
This does could still be registered with a maximm error of 50%. However
instebilities also have to be anﬁicipated, through which the beam is
lost within a few cycles. The dose produced by this cannot be measured
by any ionization chamber. Integrating solid dosimeters must then be

used for the registration,
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Figure legends

Figure 1.
Maximum ion-transit timé tL as a function of the high voltagé
for the chanber described in Séction 3 with argon as the filling gas.
Right hand scale: Fﬁr the indicatéd pulse frequency the following
is always valid to the right of a drawn curve: the maximum ion-
transit time tL is smaller than thé repetition time of two pulses
t,; see Section 2.32,

w?

Fi&re 2.
Pulsed radistion field.

Meximum ion-transit time tL smaller than the repetition time
of the radiation pulses; no overlap of the current pulses.

Example for the test chamber described in Section 3 (suppressed

zZero).

=
n

6 Hz (tw = 17Q msec)

<
|

= 1,8 kV (tL = 125 msec)

10 atm

10 rad/h

'Figgre 3.
Pulsed radiation field {schemstic)

Maximim ion-transit time tL greater than the repetition time of the
radistion pulses; overlap of the current pulses, Increasing charge

per accelerator pulse because of increasing residual concentration np
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Fipure 4.
Schematic charge distribution for a single radiation pulse of

duration td.

Figure 5.

Construction of the test chamber; scale 1:2.5; dimensions in mm

Figure 6.

Sensitivity of the chamber as & function of the y-energy; recorded

at 50 atm {after PTW, Freiburg i.Br).

Figure 7.

Continuous radiation field; saturation curve.
The points reproduce the measurements at 8 atm and 2 R/h.

The continuous curve was obtained from equation (16) or (16a).

Figure 8,
Continuous radiation field;

Ratio of calculated to measured saturation currents as a function

of pressure

Figgre g.
Continuous radistion field;
Calculated degree of saturation, drawn at the voltage for which

the value 0.5 is obtained for the measured degree of saturation.

Shown as a function of the filling pressure.
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Figure 10,

Continucus radiation field;
Dependence of the degree of saturation on the filling pressure;
at U = 1.8 kV.

The continuous lines are calculsted from equations (16) and (17).

Figure 11.
Continuous radigtion field;
Dependence of the degree of saturation on the dose rate: at U = 1.8 kV.

The continuous lines are calculated from equations (16) and {17).

Figure 12,

Pulsed radiation field; saturation curve at low pulse frequency,
The points represent the measurements at 10 aim, 1 rad/h, and 0.8 Hz,

The continuous line was obtained through equation (21).

Figure 13.
Pulsed radiation field;

Ratio of calculated to measured saturation charges as a function

of the dose rate.

Figure 1k,

Pulsed radiation field; normalized saturation curves at high

pulse frequency.

The continuous lines were caleulated from equations (2k) and (2ka).
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Figure 15.

Pulsed radiation field, Calculsted degree of saturation, drawn
at the voltage for which the value 0.5 is obtained for the measured

degree of saturation.

Drawn for large and small pulse succession frequencies,

Figure 16,

Tonization current as a function of the dose rate for continuous
and pulsed radiation {for the latter average values of current
and dose rate are used) at 1.8 kV and 10 atm.
The curves were calculated after equations (16) and (21).

Above: small dose rates

Below: dose rates up to 10 rad/h,

Figure 17.

Dose rate as a function of the filling pressure at a presupposed

degree of saturation. Calculated curves for 1.8 kV.

Figure 18.
Storage ring - Dump

Degree of saturation as & function of pulse duration and pulse

dose. Calculated curves for 1.8 kV and 10 stm.
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