Before starting my first XRF experiments, | was thinking to use beta particles from Sr90
to hit the innermost electrons (K and L shells) of the examined samples in order to

induce fluorescence.
| don't know why but | thought clever to use electrons to hit electrons.

Well, | was wrong: | was forgetting bremsstrahlung.
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My idea was to build an apparatus
similar to this one and, using a suitable
Nal or Csl detector, identify the
characteristic X Rays of the sample, to
be located at the place of the lead plate
in the image on the left.

| was forgetting that a decelerating charged particle produces elecromagnetic
radiation (X rays in this case) due to the lost kinetic energy (energy has of course to be

conserved).

The full continuum of X-rays has energies ranging from zero to the maximum kinetic
energy of the incident particles (2.25 MeV in this case).

This continuum overposes to the lines of the examined sample, disturbing a little bit
the analysis of the sample.
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Photons, on the contrary, do not have electric charge and no inertial frame in which they
are at rest is existing so they can't of course decelerate, being their speed always "c" in
every inertial frame.

Photons are massless but they carry a momentum p having the magnitude:

p=E/c (E= energy, c= speed of light)

where the momentum is in the direction of propagation.

It is so possible to hit and move a particle (electron) with a massless photon.
Photons so appear to be the best choice for electrons hitting.

Their energy should of course be just a little bit higher than the binding energy of the

electrons, in order to produce fluorescence. It is the same in optical fluorescence.

| have carried on a few experiments in order to better see the above phenomena.

This small statue is 925/1000 silver and
it's the purest silver | could find till now.

Let see the difference between the
induced fruorescence by Sr90 (electrons)
and Am241 (photons)
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Here the small statue has
been hitted by electrons
from 0.1 uCi of Sro0

The silver 22 keV X rays
peak is very clear as is the
brehmsstralung continuum

Inthis case the small
statue has been hitted by
photons from 4uCi of
Am241

The silver 22 keV X ray
peak is very clear but we
have no brehmsstralung
continuum

If we check carefully we
can see a very little bump
at 8 keV, due to the
75/1000 copper in the
statue

We may believe that the difference is not so important, we see clearly the 22 keV peak

in both cases.

This may be correct in case of pure or nearly pure elements, but let us see what
happens if the examined object is not a pure element but it's an alloy.



This is a silver Tibetan bowl borrowed
from a friend antiquary.

| have checked it with Sr90 and with
Am?241

™ Theremino MCA - V4.5

Fle Took Llanguage Hep  About

E?mag& B | Bport | view pu\sa:z\ Equalizers 59 | Run )| startnew measure & Isotope identifier o ThlS |S the resu It Of electrons
peration | Options | Isotopes |~ Spectrum data g .
: hitting using Sr90.

Total seconds 117 2 |4 B |8 |10 |12 (14 16 (18 (20 22 (24 |26 [28 |30 |32 (34 (36 [38 |40 (42 |44 |46 |48 [BO (B2 _ . .

el U= : The 22 keV of silver is very

A B clear, but it is quite difficult to

E N state if other elements are
AudioIn 1)

inside the alloy because of the

Audio zero trim

brehmsstralung continuum.

Position (us) 60

Size (u3) 200
Max slope (%) 20
Max noise (%) 20

Params
Integr. time (sec) 9999
Drawspeed (fps) 5

Min. energy (kev) 0
IR Filter (%) 10
o Ml b
Toruneee A Wl i LN
Excitati 5r90 0.1 uCi
Th‘irer‘r?\:oadapl; ‘ )H .M.MV"‘LWMM o4
RAP 47 Probe o

Bkgmd stripped (BRef1) (BRer2) (ORef3) (SaveBre )(Usetkc ) (@Xog)(@Yiog)

Signal is OK

™ Theremino MCA - V4.5

Fle Toos languege Help  About

i Saveasimage B | Export 7 | View puses % | Equalizers 3% | Run ¢% | Startnew measure g% | Isotope identifier yTy

“Opeaion [oprs | pes] - Spectrum cata The photons from Am241 on
Info %32 =
Total seconds a7 2 |8 |p |8 [10 [12 |14 |16 [18 |20 [22 |24 |26 |28 |30 |32 [34 |36 [38 |40 |42 |44 |46 |48 |50 |52 - the Contrary ShoW Clearly that
Total pulses 11704

T the bowl is composed by silver

Audio Input

( : and copper.

Samp. 192000

It is also possible to make a
! rough extimation of the

T @ percentage of the two elements
i e in the alloy.

Integr. tme (sec) 9999

Draw speed (fps) 5

Min. energy (kev) 0
IR Filter (%) 10

Tibetan silver container

Excitation Am241 4 uCi //‘\\‘\ TI
Theremino adapter L= 2

RAF 47 Probe e B
Bkgrnd stripped BRef1)(BRef2 |(IRef3 SayeBKG J( UseBKG | (@Xlog)(8¥leg J

Signal is OK Selected Bin=147 Energy=19.3 KeV  Samples=32




| bought this vermeil (gilded
silver) tea infuser during a
journey in URSS in 1987, in a
shop for foreigners. The seller
stated that the gold layer was
very thick.

The green plastic disc is the
Spectrum Techniques source of
0.1 uCi Sroo0
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Using just 4 uCi of Am241 it has
been possible in four minutes to
see clearly the 22 keV of silver K
shell and the 11 keV of gold L
shell.

The purchased tea infuser is
really vermeil and the gold layer
appears really to be thick (the
area under the gold peak is big
enough).

Well, after the above results | decided to use just Am241 for XRF experiments, keeping the
Sr90 source for other kind of tests.

Milan, December 2013

In case of interest the following texts may be useful to deepen the exposed concepts:

Berkeley Physics Course Vol.4, Quantum Physics - Chapter 5, 1971

Experiments in X-Ray Physics, Lulu Liu - MIT undergraduate, October 22, 2007





