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Abstra
t:

The high radiotoxity of �ssion produ
t

90

Sr requires qui
k and a

urate measurements of its

a
tivity in environmental samples in order to blo
k the in
ow of

90

Sr in human food. Standard

methods for measuring low

90

Sr a
tivity in
lude radio
hemi
al methods, whi
h 
an be time 
on-

suming and burdened with large errors. In this seminar I present an alternative method whi
h

is based on measuring the Cherenkov radiation emitted by �{parti
les in a sili
a aerogel as radi-

ator. If the aerogel refra
tive index is suitably 
hosen, then the relatively high endpoint energy

of the daughter nu
leus'

90

Y spe
trum permits elimination or at least 
onsiderable redu
tion of

other �{emitters with lower endpoint energies. The interferen
e of 
 emitters 
an be redu
ed

by using multiwire proportional 
hamber in 
oin
iden
e with Cherenkov dete
tor.



1 INTRODUCTION

1 Introdu
tion

The isotope

90

Sr is usually 
onsidered as one of the most hazardous �ssion produ
ts due to

the fa
t that it is similar to 
al
ium in its 
hemi
al behavior in
luding its deposition in human

or animal bone. On
e

90

Sr enters the body, part of it is ex
reted and the remainder is deposited

in newly formed bone along with 
al
ium.

90

Sr deposited in bone ex
retes from the body very

slowly and radiation it emits has a high ionizing 
apability. Thus its biologi
al half{life is also

long, about 22 years. That is the time it takes the human body to ex
rete half of the deposited

90

Sr.

The isotope

90

Sr is not a naturally o

urring substan
e. It is a �ssion produ
t and its presen
e

in the environment is a result of human a
tivities, su
h as prior testing of nu
lear bombs in the

air and leaks from radioa
tive storage and waste sites. It de
ays to

90

Y with half{life �

Sr

= 28.5

years by emission of �

�

parti
le:

90

Sr �!

90

Y + e

�

+ �;

A basi
 
hara
teristi
 of the �{de
ay pro
ess is the 
ontinuous energy spe
trum of the emitted

� parti
le. This is be
ause the available energy for the de
ay is shared between the � parti
le and

antineutrino whi
h usually goes undete
ted. If the small re
oil energy of the daughter nu
leus

is ignored, the maximum energy of this spe
trum should 
orrespond to the available energy for

the de
ay. For most � sour
es, this maximum value ranges from a few tens of keV to few MeV.

In 
ase of

90

Sr de
ay the endpoint kineti
 energy in the � spe
trum is equal T

max

= 0.546 MeV.

In many � sour
es, the daughter nu
leus is left in an ex
ited state. The daughter nu
leus

in su
h an ex
ited state, either falls dire
tly to the ground state or des
ends in steps to lower

energy states by emitting 
 photons.

Most � sour
es are �{
 emitters. Pure � emitters exist but the list is very short [1℄.

90

Sr is

an example of pure � emitter but its daughter nu
leus

90

Y is also unstable and in turn de
ays

with half{life �

Y

= 64 hours to

90

Zr whi
h is stable:

90

Y �!

90

Zr + e

�

+ �;

90

Y is also pure � emitter and radiates �{parti
les with relatively higher energy (T

max

= 2.27

MeV) than its parent nu
leus. The de
ay s
heme of

90

Sr/

90

Y and ele
tron energy spe
trum are

shown in Fig.1 and Fig.2.

90
Y39

90
Zr

40

b-

b-

90
Sr

38

Fig. 1: Double de
ay s
heme of

90

Sr:

In environmental samples

90

Sr and

90

Y are usually in radioa
tive equilibrium. Thus a
tivity

of

90

Sr is equal to a
tivity of

90

Y. Appli
ation of the radioa
tive de
ay law to

90

Sr/

90

Y de
ay

gives the equation
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Fig. 2: Normalized ele
tron energy spe
trum from

� de
ay of

90

Sr (green line),

90

Y (blue line) and

90

Sr+

90

Y (bla
k line). E denotes the ele
tron ki-

neti
 energy.

dN

Sr

dt

= � ln 2

N

Sr

�

Sr

dN

Y

dt

= ln2

N

Sr

�

Sr

� ln 2

N

Y

�

Y

(1)

dN

Zr

dt

= ln2

N

Y

�

Y

where N

Sr

(t) denotes the number of

90

Sr, N

Y

(t) the number of

90

Y and N

Zr

the number of

90

Zr

nu
lei at time t; �

Sr

, �

Y

and �

Zr

are the 
orresponding half{lives. Solution of (1) for initial


onditions N

Y

(0) = N

Zr

(0) = 0 is shown on Fig.3 and the ratio of

90

Sr to

90

Y a
tivity is shown

on Fig. 4. Sin
e

90

Sr half{life is very long 
ompared to

90

Y the ratio after some time levels o�

to '1. From graph it may be noted that the growth of

90

Y rea
hes the a
tivity of

90

Sr after

approximately 20 days.

Environmental 
on
entrations of

90

Sr are very low, but it 
an enter the food 
hain. Sin
e

90

Sr is highly radiotoxi
, it is ne
essary to 
ontrol its 
on
entration in environment, espe
ially

in the food 
hain. In order to blo
k the in
ow of

90

Sr in human body a food quality assessment

is needed. Standard pro
edures for measuring the a
tivity of

90

Sr in the environmental samples

in
lude radio
hemi
al methods whi
h 
an be time 
onsuming and burdened with large errors.

This standard methods are des
ribed in se
tion 2. However measurements of Cherenkov radiation

produ
ed by �{parti
les from

90

Y de
ay in sili
a aerogel as radiator o�er a purely instrumental

method for measurements of

90

Sr a
tivity. It is the goal of this seminar to represent this method

(se
tion 3). There is an interesting method for determination of

90

Sr in situ, whi
h is also a

purely instrumental method. It is based on measuring bremsstrahlung radiation generated by

de
eleration of

90

Sr/

90

Y beta parti
les in 
asing of germanium dete
tor in a well. But usually

methods that are based on 
hemi
al separation are used for determination of

90

Sr, so I will not

go any further about this method. The detailes are des
ribed in [2℄.
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2 STANDARD METHODS
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Fig. 3: Number of nu
lei relative to initial num-

ber of

90

Sr nu
lei. S
ale on the right side 
orre-

sponds to

90

Y.
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Fig. 4: Ratio of

90

Y to

90

Sr a
tivity.

2 Standard methods

2.1 Measuring total a
tivity of the sample

Be
ause

90

Sr and its daughter

90

Y are both pure � emitters they 
ould not be identi�ed by

usual and a

urate methods of 
 spe
tros
opy. In order to ex
lude other radioa
tive sour
es from

the sample, isolation of

90

Sr by 
hemi
al separation is most often used. The exa
t separation

s
heme depends on the sample. Chemi
al eÆ
ien
y of this method is determined by adding

known amount of stable strontium

84

Sr to initial sample. By weighing the �nal produ
t the

fra
tion of strontium that 
ame through pro
edure 
an be determined. This fra
tion represents

the eÆ
ien
y of the separation method.

The measurement of

90

Sr 
an be further 
ompli
ated sin
e

89

Sr (�

1=2

=50.5 days, T

max

=1.49

MeV) whi
h is also pure � emitter 
an be present in the environmental samples and 
ould

interfere with the

90

Sr measurements. Thus, after 
hemi
al separation of strontium, the a
tivity

of radioa
tive strontium will in
lude both 
ontributions,

90

Sr and

89

Sr, in the sample. This is

due to the fa
t that isotopes have the same 
hemi
al properties. In the 
ase of

89

Sr presen
e

in the sample, the isolated radiostrontium is allowed to remain in the sample without further

treatment for a period of 10{14 days to allow suÆ
ient ingrowth of

90

Y. After that period, the


hemi
ally separated

90

Y 
omponent is used to quantify the

90

Sr a
tivity in the sample. This

is determined from a
tivity of

90

Y by 
al
ulating the

90

Y de
ay from the time of separation of

yttrium from strontium (see Fig.4). Systemati
 errors whi
h a

ompanion 
hemi
al separation

and possible 
ontamination with other radioa
tive sour
es limit a

ura
y of this methods.

The a
tivity of isolated

90

Y 
an be measured using one of the gas ionization dete
tors (for

example Geiger{M�uller 
ounter, proportional 
ounter) or liquid s
intillation 
ounter.

� Gas ionizing dete
tors operate by utilizing the ionization produ
ed by radiation as it passes

through the gas. Typi
ally, su
h 
ounters 
onsist of a gas volume in an en
losure that is

either sealed or 
onstru
ted in su
h a way as to permit a 
ontinuous 
ow of the �lling

gas. Within that gas volume ele
tri
 �eld is applied a
ross the ele
trodes. The outer wall

frequently serves as 
athode, while a wire rod, grid or a plate in the middle of gas volume

5



2.1 Measuring total a
tivity of the sample

serves as the anode. Ionizing radiation, passing through the spa
e between ele
trodes,

dissipates part or all of its energy by generating ele
tron{ion pairs. If the ele
tri
 �eld

is applied, the ele
trons will be a

elerated towards the anode and the ions towards the


athodes where they are 
olle
ted. By the dete
tion of this ele
tri
 
harge using a suitable

ele
tri
 
ir
uit, an indi
ation of the presen
e of ionizing radiation is given. There are

three kinds of gas{�lled dete
tors: ion 
hambers, proportional 
ounters and Geiger{M�uller


ounters. They di�er mainly in the strength of the ele
tri
 �eld applied between their

ele
trodes.

� The te
hnique of liquid s
intillation 
ounting involves pla
ing the radioa
tive sample into a

glass or plasti
 
ontainer and adding a spe
ial s
intillation 
o
ktail to form a homogeneous


ounting solution. The s
intillation 
o
ktail is 
omposed of a solvent and 
our solute.

The �rst step of s
intillation pro
ess is the intera
tion of radioa
tivity with the solvent

mole
ules in liquid s
intillation 
o
ktail. The result is the formation of a
tivated solvent

mole
ules. The energy of ex
itation of the solvent is then transferred to s
intillator (
uor)

mole
ules, whi
h upon deex
itation emit photons of visible light. The light photons are

dete
ted by photomultiplier ( PMT), whi
h 
onverts photons into ele
tri
al signal.

In order to distinguish instrument ba
kground from true nu
lear events in a s
intillation

vial, usually two PMTs in 
oin
iden
e are used to 
olle
t the photons. If only single PMT

were used, the ba
kground level would be approximately 10000 
ounts per minute, but

using two PMTs in 
oin
iden
e redu
es ba
kground to about 30 
ounts per minute. The

prin
iple behind 
oin
iden
e 
ounting is based on the fa
t that when a nu
lear de
ay event

o

urs in s
intillation vial, produ
ed light is isotropi
. The de
ay pro
ess and resultant

s
intillation are very rapid (approximate light de
ay time is 2{20 ns). Sin
e the de
ay

pro
ess and resultant s
intillation pro
ess produ
e multiphoton events (about 10 photons

per keV of nu
lear energy dissipated in a s
intillation 
o
ktail) this photons will be dete
ted

by two PMTs in the very short time. If a signal is dete
ted in both PMTs within 
oin
iden
e

resolving time of 18 ns, it is a

epted as a true nu
lear de
ay event. If, on the other hand,

event o

urs in only one of the PMTs within this time, it is 
onsidered as a ba
kground

event.

The dete
tor used to measure the a
tivity of isolated

90

Y should have higher eÆ
ien
y for

� parti
les from

90

Sr/

90

Y than eÆ
ien
y for 
{rays due to 
ontamination of the sample. Sin
e


{rays have higher ranges in matter than � parti
les, gas{�lled dete
tors whi
h have low surfa
e

density are more suitable than liquid s
intillators. For example with proportional 
ounters lower

limits of dete
tion that they 
an a
hieve are 0.2 and 0.005 Bq/m

3

for liquid and solid samples

respe
tively, with experimental errors estimated as 10% for high a
tivity and up to 30% for low

a
tivity samples [3℄ .

Although s
intillation dete
tors are more sensitive to presen
e of 
{emitters, they are fre-

quently used, espe
ially if the sample is in the form of solution. As mentioned above in this 
ase,

the sample is simply added to liquid s
intillator, and in this way absorption in the sample is

avoided. But this in turn 
an e�e
t opti
al properties of liquid s
intillator (emission spe
trum,

transmission), whi
h 
an in
rease errors ( [4℄, [5℄, [6℄). The liquid s
intillation 
ounting eÆ
ien
y

for � parti
les depends on the original energy of � de
ay. For most � parti
les with a de
ay

energy above 100 keV, the 
ounting eÆ
ien
y is 90{ 100%, but for lower energy � de
ays the

eÆ
ien
y is normally in the range 10-60% [7℄. For

90

Y the liquid s
intillation 
ounting eÆ
ien
y
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2 STANDARD METHODS


an be near 100%.

2.2 Measurements of Cherenkov radiation in aqueous solution

2.2.1 Cherenkov radiation

Cherenkov radiation is ele
tromagneti
 radiation emitted by 
harged parti
les traveling through

medium with speed greater than the speed of light in that medium. This speed is given by

v = 
=n, where n is the index of refra
tion and 
 is the speed of light in a va
uum. A parti
le

emitting Cherenkov radiation must therefore have a velo
ity

v >




n

or � >

1

n

(2)

and the threshold kineti
 energy for Cherenkov produ
tion is

T

thr

= m


2

"

1

p

1� �

2

thr

� 1

#

= m


2

�

n

p

n

2

� 1

� 1

�

; (3)

�

thr

=

1

n

:

T

thr

varies with index of refra
tion of the medium and it is lower for media of higher index of

refra
tion. This is shown on Fig.5 for ele
tron.

If 
ondition (2) is satis�ed, the 
oherent wavefront is formed, whi
h is 
oni
al in shape and

is emitted at well{de�ned angle with respe
t to the traje
tory of the parti
le (Fig.7). This angle

depends on the speed of the parti
le and the energy of the emitted radiation E

f


os �

C

=

(
=n)t

�
t

=

1

�n(E

f

)

: (4)

and it is 
alled Cherenkov angle. Dependen
y of Cherenkov angle on speed of the parti
le for

di�erent refra
tive indi
es is shown on Fig.6.

0.5
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3

1 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4

Fig. 5: Variation of threshold energy T

th

with

index of refra
tion for ele
tron.
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Fig. 6: Cherenkov angle as a fun
tion of ele
tron

speed for di�erent refra
tive indi
es
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2.2 Measurements of Cherenkov radiation in aqueous solution

qC

wavefront

wavefro
nt

bct

(c
/
n
)t

X Y

charged paricle

Z

Fig. 7: Huygens' 
onstru
tion of 
oni
al Cherenkov wavefront. The

position of the 
harged parti
le at time t=0 is X; the distan
e traveled by

parti
le from X to Y in time is �
t; the distan
e traveled by Cherenkov

photon from X to Z is (
=n)t. �

C

is the angle of emission of Cherenkov

photon.

The number of photons emitted by parti
le with 
harge ze

0

per unit length of radiator and

per unit photon energy is [1℄

d

2

N

dxdE

f

=

z

2

�

�h


sin

2

�

C

=

z

2

�

�h


�

1�

1

�

2

n

2

(E

f

)

�

: (5)

Cherenkov radiation is generally dete
ted by photomultipliers. A typi
al range of sensitivity for

this devi
es is in the range of visible light between 350 nm and 550 nm or in terms of photon

energy 2.4{3.7 eV. If we take refra
tive index 
onstant over this range than integrating (5) over

E

f

yields

dN

dx

=

�z

2

�h


sin

2

�

C

�E

f

; (6)

where �E

f

is the energy interval of sensitivity for photomultiplier. This is shown for ele
tron

on Fig.8.
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Fig. 8: Number of photons emitted by ele
tron per

unit path in the range between 350 nm and 550 nm.
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3 USING CHERENKOV RADIATION IN SILICA AEROGELS

2.2.2 Using water as Cherenkov radiator

� parti
les and ele
trons that are 
reated by absorption or s
attering of 
-rays, emit Cherenkov

radiation if their energy is above the threshold. For water this is 263 keV. One of the methods

for measuring

90

Sr/

90

Y a
tivity uses Cherenkov radiation in aqueous solutions in order to sepa-

rate the 
ontribution of

90

Sr/

90

Y from other �{emitters. In this 
ase the sample is dissolved in

water instead of in liquid s
intillator. EÆ
ien
y of this dete
tor in
reases with endpoint energy

in � spe
trum ( �70%, �1% and �40% for

90

Y,

90

Sr and

89

Sr respe
tively [7℄) due to the fa
t

that in spe
trum with higher endpoint energy larger fra
tion of �{parti
les 
an emit Cherenkov

photons. Sensitivity of this method is de�ned as the a
tivity for whi
h the 
ounting rate is equal

to ba
kground. Typi
al ba
kground 
ounts are about 1/s. Thus sensitivity of this method is few

Bq. Sin
e the threshold for Cherenkov radiation in water is quite low, many isotopes 
ontribute

to measured 
ount rates. Thus only 
hemi
ally isolated

90

Y is usually measured. Be
ause of the

in
reasing fra
tion of

90

Y with time after separation, a

ura
y of measurement also in
reases

with time.

3 Using Cherenkov radiation in sili
a aerogels

If the ratio of

90

Sr to

90

Y a
tivity is known (e.g. the sample is in radioa
tive equilibrium or

after 
hemi
al separation of strontium or the time from nu
lear release is known) then the a
tivity

of

90

Sr 
an be determined from measurements of Cherenkov radiation produ
ed by ele
trons from

90

Y, whi
h has higher endpoint energy of � spe
trum than parent nu
leus

90

Sr. In this 
ase the


hoi
e of lower index of refra
tion of radiator is favorable. This way it is possible to eliminate or

at least strongly suppress the 
ontribution of other �{ emitters with lower � energy spe
tra to

the signal, sin
e lower index of refra
tion implies higher threshold for produ
tion of Cherenkov

radiation. On the other hand the number of emitted photons de
reases with de
reasing index

of refra
tion (Fig.8). Sin
e for materials with lower densities ionization losses are smaller, lower

density of the radiator implies longer path on whi
h 
harged parti
les radiate, and thus in
reases

the number of emitted photons.

For measurements of � parti
les from

90

Y de
ay the radiator with refra
tive index lower than

water (n = 1.33) is required sin
e water with its relatively low threshold for Cherenkov radiation

(T

thr

= 263 eV) 
an not strongly de
rease the 
ontribution of other �{emitters to the signal.

The radiator should have refra
tive index about 1.005 (T

thr

= 1.16 MeV), lower density and high

transparen
y. Traditional gas and liquid radiators have a refra
tive index either smaller than

1.0018 ( C

5

F

12

) or larger than 1.27 (liquid C

6

F

14

). The gap in refra
tive index is 
overed by so


alled aerogels whi
h 
an be produ
ed in a fairly wide range from n = 1.004 to n = 1.1 and are

low density materials with high transparen
y.

3.1 Sili
a aerogel properties

Aerogel is a manmade material that 
an have a density as low as three times that of air.

It essentially 
onsists of grains of amorphous SiO

2

with sizes ranging from 1 to 10 nm linked

together in a three-dimensional stru
ture with tiny po
kets (pores) �lled by trapped air (Fig.10).

As a result it is highly porous material with di�erent pore sizes (mean pore diameter 20 nm).

The huge number of tiny primary parti
les determines an internal surfa
e 
lose to 1000 m

2

/g
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3.1 Sili
a aerogel properties

that plays the fundamental role in the aerogel 
hemi
al and physi
al behavior. There exists a

simple relationship between the resultant index of refra
tion and the aerogel density in g/ 
m

3

n = 1 + 0:21�: (7)

The �rst step in the aerogel preparation is the formation of a wet gel 
alled Al
ogel. This is

produ
ed by hydrolysis and 
ondensation of sili
on alkoxide pre
ursors in presen
e of an al
oholi


solvent (usually ethanol). The most 
ommon of this pre
ursors are tetramethyl orthosili
ate

(TMOS, Si(OCH

3

)

4

), and tetraethyl orthosili
ate (TEOS, Si(OCH

2

CH

3

)

4

). The balan
ed


hemi
al equation for the formation of a sili
a gel from TEOS is

Si(OCH

2

CH

3

)

4 (liq:)

+ 2H

2

O

(liq:)

= SiO

2 (solid)

+ 4HOCH

2

CH

3 (liq:)

The �nal density of the aerogel depends on the 
on
entration of sili
on alkoxide monomers in

the solution.

An al
ogel 
an stand on its own and 
onsists of two parts, a solid part and a liquid part.

The solid part is formed by the three-dimensional network of linked oxide parti
les. The liquid

part �lls the free spa
e surrounding the solid part. Aerogel is then obtained by removing the

liquid. But evaporating liquid 
auses the al
ogel's solid sili
a 
omponent to 
ollapse by 
apillary

a
tion. This means that after the liquid has been 
ompletely taken out of the gel, the gel has


ollapsed and formed a dense solid that has about 10% of the original volume of the gel. Instead

of evaporating the solvent, the gel 
an be super
riti
ally dried. Super
riti
al 
uids are semi-

liquids/semi-gases that are usually high pressure and high temperature, expand like gases and

have lower surfa
e tension than liquids. Super
riti
ally drying al
ogel is a way for the liquid in

the gel to slowly sneak out of the solid sili
a matrix without 
ausing the sili
a matrix to 
ollapse

from 
apillary a
tion. This is done by heating the gel above its liquid's triple point. On
e the

liquid has snu
k out of the gel it 
an be vented o� as a gas.

The behavior of visible light in aerogel is dominated by Rayleigh s
attering. S
attering is

more e�e
tive when the size of the s
attering 
enter (a
tual entity that 
auses s
attering) is

similar to the wavelength of the in
ident light. This o

urs in small parti
les (�400-700 nm in

diameter for visible light) that are separated from on another, or by larger, ma
ros
opi
, parti
les

with inherent irregularities. When s
attering 
enters are smaller in size than the wavelength of

the in
ident light, s
attering is mu
h less e�e
tive. In sili
a aerogels, the primary parti
les have

a diameter of �2-5 nm, and do not 
ontribute signi�
antly to the observed s
attering. However,

s
attering does not ne
essarily arise from solid stru
tures. In sili
a aerogels there is a network

of pores, whi
h 
an a
t as s
attering 
enters. The majority of these are mu
h smaller (�20

nm) than the wavelength of visible light. There is, however, a 
ertain number of larger pores

that s
atter visible light. As s
attering eÆ
ien
y is dependent on the size of the s
attering


enter, di�erent wavelengths will s
atter with varying magnitudes. This 
auses the reddening of

transmitted light (red light has a longer wavelength, and is s
attered less by the �ne stru
ture of

aerogels) and the blue appearan
e of the re
e
ted light o� sili
a aerogels. Thus the bluish haze

that surrounds aerogel samples, is an e�e
t of the Rayleigh s
attering, sin
e short wavelengths

are the most severely a�e
ted by the s
attering me
hanism.

The internal absorption does not play a signi�
ant role in the visible region, while weak

absorban
es appear in the infrared. Transmittan
e of aerogel 
an be expressed in terms of

attenuation 
oeÆ
ient �, whi
h is wavelength dependent

10



3 USING CHERENKOV RADIATION IN SILICA AEROGELS

T = exp(��(�)d); (8)

where d is the thi
kness of aerogel. The attenuation of light in the visible light range is dominated

by Rayleigh s
attering, whi
h in turn shows a 
hara
teristi
 dependen
e on the wavelength

� /

1

�

4

(9)

Sin
e in the visible range of light absorption is negligible, the measured transmittan
e T of

an aerogel sample of thi
kness d as a fun
tion of the light wavelength is fairly �tted by the

expression:

T = A exp

�

�

Cd

�

4

�

(10)

in the range from 300 nm to 700 nm. Here A is wavelength independent transmission fa
tor

that represents absorption pro
ess, C is intensity of Rayleigh s
attering. Aerogels with a high

value of A and a low value of C will be the most transparent (Fig.9).

Sin
e the wavelengths of interest in Cherenkov dete
tors are in the visible range aerogel as

a radiator 
an be treated as a homogenous medium sin
e the wavelength of visible light is still

mu
h smaller than size of pores and primary parti
les.

0

0.2

0.4

0.6

0.8

1

200 300 400 500 600 700 800 900

Fig. 9: Transmission of 1 
m thi
k aerogel tiles

with n = 1.015, n = 1.03 and n = 1.05. Value

of A and transmission length at � = 400 nm

TL(400) are also written. TL(400) is de�ned as

T = A exp(�

d

TL(400)

�

400

�

�

4

), where � is in nm.

Fig. 10: Aerogel stru
ture.

3.2 Des
ription of method

Investigation of possibilities to determine a
tivity of

90

Sr in environmental samples with

Cherenkov radiation of �{parti
les using sili
a aerogel as a radiator was done at J. Stefan

Institute [8℄.

The basi
 
omponents of experimental set-up were en
losed in a tight light box (Fig.11). The

main part of the dete
tion system are sili
a aerogel as radiator, where Cherenkov radiation is

11



3.2 Des
ription of method

source

radiator
(aerogel)

PMT

MWPC

Fig. 11: Experimental set-up: PMT stands for pho-

tomultiplier and MWPC for multiwire proportional


hamber.

emitted by �{parti
les and photomultiplier (PMT) whi
h 
onverts photons into ele
tri
al signal.

In order to suppress the ba
kground and in
rease the sensitivity of the dete
tion system, mul-

tiwire proportional 
hamber (MWPC), whi
h is a type of gas ionizing dete
tor, in 
oin
iden
e

with photomultiplier was used.

Energy loss of �{parti
les in 
hamber are low (about 10{15 keV) due to low surfa
e mass

density of 
hamber (about 8 mg/
m

2

). The probability for dete
tion of �{parti
les in 
hamber

is above 95%. On the other hand, due to low surfa
e mass density of 
hamber, the probability

for absorption of 
{rays in the 
hamber is very low (less than 0.1% for E




>100 keV). This


omes as an advantage sin
e the presen
e of 
{emitters makes determination of

90

Sr/

90

Y a
tiv-

ity more diÆ
ult, sin
e it is a pure �{emitter. Thus, 
hamber dete
ts all 
harged parti
les while

Cherenkov dete
tor (PMT in 
ombination with aerogel) dete
ts only part of 
harged parti
les

whi
h have energies higher than threshold energy for produ
tion of Cherenkov radiation.

As radiator they used sili
a aerogel with n = 1.05. Su
h high threshold (T

thr

= 1.16 MeV)

dis
riminates almost all other � emitters, espe
ially

137

Cs. As mentioned before in aerogels

s
attering of photons is mu
h more eÆ
ient than absorption. Thus the entran
e and side walls

of aerogel were 
overed with aluminium foil to re
e
ted photons towards the PMT, a
hieving

higher 
olle
tion of Cherenkov photons.

EÆ
ien
y of this method is de�ned as the ratio of the measured 
ount rate to known a
tivity

of the sour
e. Fig.12 shows the measured eÆ
ien
y as a fun
tion of the �{spe
trum end{point

energy, where four point sour
es were used:

42

K,

32

P,

90

Sr/

90

Y and

137

Cs. Here

32

P and

137

Cs

are 
onsidered as a ba
kground to

90

Sr. Among the sour
es used, the only pure one{bran
h �{

emitter is

32

P. For the other sour
es, only the higher energy bran
h has been 
onsidered, as the

lower energy bran
h is either below threshold (

90

Sr/

90

Y and

137

Cs) or is expe
ted to represent a

minor 
orre
tion (few % for

42

K). As expe
ted the eÆ
ien
y in
reases with in
reasing endpoint

energy of the � spe
trum.

�{
 emitters might trigger a 
oin
iden
e of � in MWPC and 
 
onverted in the PMT glass

window, where the resulting ele
tron emits Cherenkov photons.

The distribution of number of 
oin
ident events as a fun
tion of the number of PMT 
hannels

hit is shown in Fig.13. Number of 
oin
ident events with one, two, three and four PMT 
hannels

hit as a fun
tion of endpoint energy of � spe
trum is shown on Fig.14. It is seen that higher

energy �-spe
trum of

42

K yields more Cherenkov photons than lower energy spe
tra of

90

Sr/

90

Y

and

42

P. Thus this is the way to separate the 
ontribution of di�erent sour
es. A relatively large

number of events with more than one PMT 
hannel hit for the lowest energy � spe
trum of

137

Cs points to a rather important 
ontribution �{ 
 
oin
iden
es in this 
ase.

12



3 USING CHERENKOV RADIATION IN SILICA AEROGELS

The PMT and MWPC ba
kground 
ount rates were less than � 100 s

�1

ea
h, with 
oin
i-

den
e rate being less than 2 per hour whi
h looks promising for measurements of low a
tivity

samples.
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Fig. 12: EÆ
ien
ies for di�erent sour
es as a

fun
tion of endpoint energy of � spe
trum
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Fig. 13: The distribution of 
oin
ident events as

a fun
tion of the number of PMT 
hannles hit,

normalized to one 
hannel hit.
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3.2 Des
ription of method

1 channel hit
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Fig. 14: Coin
ident events with one, two and three PMT 
hannels hit as

a fun
tion of endpoint energy � spe
trum, normalized to all 
oin
ident

events.
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4 CONCLUSION

4 Con
lusion

The method for determination of

90

Sr a
tivity in environmental samples des
ribed here is

based on Cherenkov radiation of �{parti
les in the aerogel as radiator. With the use of multiwire

proportional 
hamber in 
oin
iden
e with photomultiplier, whi
h 
olle
ts Cherenkov radiation,

the ba
kground 
an be highly suppressed (
oin
iden
e rate < 2 per hour). This looks promising

for measurements of low a
tivity environmental samples. Although the dete
tion eÆ
ien
y of

90

Sr/

90

Y was low (� 0.01) it was mu
h higher than for majority of other �, �{
 sour
es. The

ex
eptions are isotopes that have endpoint energies of � spe
trum larger than

90

Sr/

90

Y (T

thr

=

2.27 MeV). The number of su
h isotopes is low and its presen
e in the sample is indi
ated by


onsiderable 
hange in distribution of number of 
oin
ident events as a fun
tion of the number

of PMT 
hannels hit. Sin
e the eÆ
ien
ies for

90

Sr/

90

Y dete
tion were low due to poor 
overage

of the aerogel area with photon dete
tor, this 
an be improved either by in
reasing the number

of photomultipliers or by using a photon dete
tor that 
overs a larger area (
at PMT).
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