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This g an cxperiment which studies seattering alpha particles on atomic miclei. Youn will shoot
alpha particles, emitted by ' Am, at thin metal foils and measure the scattering cross section of
the target atoma as a hinction of the scattering angle, the alpha particle energy, and the noclear
charge. You will then measure the imtensity of alpha particles scattered by thin metal foils as a
function of the scattering angle for several elements of very different atomic mumber.

PHEPARATORY QUESTIONS

Please visit the Rutherford Scatterning chapter on the
8. 13x woebsite at mitx . mit . edu to review the background
material for this experiment. Answer all gquestions found

in the chapter. Work out the solutions in your laboratory
notebook; submit your answers on the web site.

SUGGESTELD PROGRESS CHECHK FOR EMNL OF
EHII SESSION

Plot the rate of alpha particle observations for 107 and
0° ws. 1/ sin?(0/2). Comment on the agreement.

L INTRODUCTION

Little was known about the structure of atoms when
Goelper amd Marsden bepan their expenments scattor-
g alpha particles on thin o metal fols m 1909 at
the Cavendish Laborstory. A decade carler at the
Cavendish, J. J. Thomson had discovered the electron
and determined the ratio of its charge to 1ts mass by mea-
suring the deflections of clectron beasmes (cathode rays) by
clectrie and magnetic belds. In 1909, Milllkan measared
the charre of the clectron in the ol drop expenment.
Thus by 1909 both the charee and meess of the electron
woere known with considerable aceuracy.  Parthermore,
Thumson's interpretation of X-ray scattering from car-
bon amd other light clements had established that the
mumber of clectrons per atom of a given clement was
cgual not to 1its atomic weight, but to its atomie mmbwer,
determined by its position in the perodic table. Sinoec
the meess of an clectron s much less than the mass of the
Lightest atom, hydrogen, € wes clear that most of the
mess 10 any atom 15 associated with the posative chanee.
The central problem was to bgure out how the positive
and negative parts of an atom are beld toercther, o such
a way as to prodoce optical emesion spoctra with the
regularitics expressed by the Balmer formula (discovered
by Johann Balmer in 1885) for hydrogen and the combi-
nation riles and series hmits for the complex spoctra of
multiclectron atoms.

Thinking within the limtations of Newtonian me-
chamos and Maxwell’s clectromagnetic theory, Thom-
son imagned the atom as a sphere of positive charpe

within which the clectrons ocenpy cortain positions of
couilibrinm, ke rasins m oa podding.  Set in motion,
the clectrons should vibrate harmonically, rdiating clec-
tromagnctic cnergy with characteristic sharp fregquencies

that would be in the optical range if the radin of the
atomic spheres were of the order of 10 * o, However,

the “raisin podding”™ model vielded no explanation of the
numerical regulantios of optical spoctra, e g, the Balmer
formmla for the hydrogen spectrom and the Rite combi-
nation principle [ for spectra in general.

At this point, Ernost Rutherford got the idea that
the structure of atoms could be probed by olbeerving
the scattering of alpha particless.  Alpha particles, as
Rutherford himsell had roeeently demonstrated, are the
positively charped cmanations of radioactive substances.
They are also bare helinm mclel. According to the raisin
pudding model, an alpha particle traversing a thin gold
film should experienee many small angle defloctions as it
peussis clisse to or through the positive sphoeres of the gold

atoms. Rutherford showed [1] that the fraction of parti-
cles seattered in this way through an angle @ or proater

should decreasse exponentially accordinge to the equation

Fp = expl 0°/0%,), (1)

whoere 0 15 the mean multiple scattenng angle. For a
typreal foal of gold leal, 05, &= 1%, Thus at 0 = 30°, one
finds Fy on the order of exp( 30) or 100 ™.
Rutherford’s formula turncd out to be correct for very
small angles of scatterning. Eviudently there was substan-
tial truth m the deas of multiple scatterning. But in ex-
poeriments mtiated at Rutherford’s direction, Gelgoer and
Marsden (1909) found that 1 in 8000 alpha particles paes-
g through a thin blm of platinonm was scattered through
more than ! It was as thoogh bullets fired at a bale
of cotton could occasionally necchet backward. Such an
observation might lead one to suspect rocks i the cotton.
At this point Rutherford (1911) advanced the hypoth-
esis that the positive charpe and mest of the mass of
an atom s conceptrated in a “noclens™ with dimensions
of the order of 10 ' cm { 10,00W) tirnes smaller than the
atom as a whole) with the clectrons in some sort of con-
hruration around 1t. Applying the proncples of clasacal
moechanics, he calenlated the trajectones of alpha par-
ticles passing near such ouclel, and derved an expres-
sion for the differential scattenng cross section which aac-
countod acearately for the scattenng data, thereby wali-
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Fli:. 1. Schematic of the howitzer, target, and detector in the
vacuum chamlbser.

dating the hypothesis of the nuclear atom.

The Rutherford scattenng differential eross section per
target atomn for any tareet atom 15

der FZeINY ]
) (2)
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whoere @ 15 the scattering angle, Ze 1 the charge of the
target mueled, 2% is the chanee of the alpha particles and
E is their kinctic energy.  (For a derivation, see Refer-
enee [5])) Purther exeruciatingly tedions experiments by
CGelger amnd Marsden confirmed the sabdity of the for-
mula within the statiestical errors of their measurements.
Celger hadn't imvented the Gelper counter yoet, and colec-
tromie detection methods were still 20 vears i the futare.

They used a low power microscope to observe and count
by eye the scintillations produced by the alpha particles

when they impinged on a screen ightly coated with zinc
sulbicde: dust.

References |5, 6] present the Rutherford theory and
thsouss the interpretation of data from a scatterning ex-
periment that s guite simalar to that i the Jumior Lab,
with the excoption of the speabe detector and ciromt
arrangement. We will conbne our descussion to the fea-

tures of the expenmental setoup and proceodures that ace
peculiar to our setup.

11. APPAHRATUS

Fieure | 15 a schematic drawing of the apparatus i
the vacuum chamber. The souree, “Y Am, cmits alpha
particles of vanons diserete encerges, the most freguent
of which are 5486 MeV (86%), 5.443 McV (12.7%), and
5391 MeV (14%). All these decays lead to excited states
of “Np. The halk-life of 2" Am is 458 years. The source,
deposited on a thin metal disk with the highest activity
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of *YMAm per unit arca commercially available {about
1.5 millicuries per square inch) and sealed with an evap-
orated pold coating 1.5 microns thick, 15 covercd by a
metal washer with a (.64 cm diroeter bole and enelosoed
m & “howitzer” with a 0.64 cin dismeter apertare in it
snout. Due to the pold costing, the alpha particles’ mmtial
cnergies are redoced to a value closer to 4.8 MeV. Tn-
der near-vacunm, a collimated beam of alpha pearticles
cmoerges from the snout (the range: of 5.5 MeV alpha par-
ticles in air at atmospheric prossure is only abuot 4 cm)).

If the setup s under vacuum, then decide whether yvon
want to take the time to break amd then reestablish the
vacuum, or whether the sample currently mounted s ade-
gquate for your purposes. I yvou do wish to break vacoum,
then turn the bias voltage on the detector slowly down
to zero, close the vacoum valve between the pomp and
the chamber, and slowly open the vacunm release valve,
leaving the pump runming. Place the black hood on s ta-
ble where it can serve as a cushion for the plastic cover.
Laft the cover off the steel evhnder and place it Hat on the
hood, being carchil not to damape the underside of the
plastic cover. Find out how you can adjpust the relatioee
possitions of the howitzer and detector with respect to the
target, and how vou can turn, rase and lower the target
with the control moxd that protrodes from the bottom of
the chamber. Note how you can simmltancounsly rotato
the howitzer and the tarpet about a vertical axis through
the tarpet with the lever attachoed to the outer cylinder
under the chamber. This feature enables yon to maintain
a hxed relative onentation of meident beam and target
while: yom vary the scatternng angles of the detoectoed alpha
particles.

Two warnings: Do not remove the black cover
while the detector 1s still on. The bhghts i the lab
are far stronger than what the detector 13 desipned  to
absorb. Exposare to the backeground hght in the lab meay
damage the detector. Do not release the vacuum
too gquickly. A rapud chanpge m proessure can cause thoe
delicate foil tarpets to rupturc.

111. MEASUREMENTS

111.1. Calibrate the Measurement Chain

Move the howitzer support arm so that the howitzer
points directly at the detector throogh the cmpty target
hole. Pump the system down with the bias voltage off.
Using an oscilloscope, yon can watch the pulses from the
unbased detector appear and gradually grow i ampli-
tude as the amount of ar between the souree and detector
dimimishes. The pressure should reach 2000 microns o 10
to 1S minutes, IF it docso’t, you probably have leak a
arcumd the (O-ring seal under the plastic cover or around
the pasket under the stainless stocl cyhinder. IF neoessary,
a e way to apply the neosssary prossure to imitially
scal the (O-nng amd pasket = by weihting the plastic
cover with 6 B lead bricks available next to the exper-



mment. Also, there s vacunm prease available, but don’t
overnse 18! A pea-sieed amount s more than eonough for
the surface of the (O-ring, and should et for years.
Cover the vacuum chamber with a thick black cloth
to climinate room lights and protect the sensitive detoec-
tor. Connect a voltmeter to the small alvmimom switch
box marked “68 volt lmiter”™ that is situated between
the bias voltage supply and the presanp for the detector.
Whoen the prossure s below 200 microns, von may switch
on the bas voltage. The voltmeter should read around
4h volts. Adjust the amphifier gain so that the alpha-
particle {bipolar) pulses have an amplitude of about |7
vilts. The bapolar ampliber output 15 better for handling
hagrh count rate detection such as the case wath no foil.
Observe the pulse swe distribution with the MOA and
readjust the sains so that the peak of the alpha-particle
prabse-size distribution hes at a convenient position within
the full mnge of the multi-chanmel analyzer.
assume that the amplitude of & detector pubs: s pro-
portional to the energy lost by the particle in the silicon
detector. Thus a linear plot of the channel nomber versas
enerpy, scaled to match the energy of the alpha-particles
coming straight from the source, should be an accurate
plot for the interpretation of the pulse swes you wall be

You can

IS TITIIE.

111.2. Adjust the Position of the Target

Accurate vertical positioning of the tarpet holder s
esential to asure that the particle beam paesces cleanly
through one or another of the holes in the alumimomm
shoot that supports the foils, withont touching the cdge
of the hole. Either von or your partner can meanipualate
the tarpet holder from under the table while the other
Juidpes s position.

To aid yvou, there are 3 separate machined alumimom
cyvlinders which can be placed on the vertical positioning
shaft. Thoese eylinders have been measared and machined
to preciscly place the desired tarpet at the same heipght
a4 the howitszer.

With the target holder in the open hole position, mes-
sure the connting rate as a funetion of the howitzer posi-
tion angle from about -10° to about | 10% relative to the
nominal center position. Plot the data as you pro-
ceed on a log scale. Lop graph paper 1s available
if desired. Determine the exact pointer readings of the
center position and at the positions of sero counting rate
intercepts on cither side of the center to determine the
beam center amd it total width.

111.3. Moeasure the Effects of Target Folls on the
Pulse- Height Spectrum of Alpha-Particles

Using the presct accummlation time feature of the
MOCA accumulate a size spectrom of the pulses prodoced

i 1Soretharford. taz, vy 1,47 140324 1736513 matrick Kap ::I

by unscattered alpha particles with the bowitzer posi-
tion angle sct at the conter position. To characterse the
width of the distribution, place the start and stop our-
sors on cither cdpe of the destroibution at the positions
whoere the counting rate 15 half the macamum value, and
note the channel mombers. Measure the channe] number
of the peak counting rate. Compare the results with no
foal, the teo gold foils, and the titanmm fol, and hpure
out the most probable conerey lost by the alpha parcticles
in traversmye cach of the Glms. Deseribe and explam the
changes 1o the shape of the spee spectrum when a tangeet
fal 15 in the beam.

Determine the thicknessaes of the tarpget by roeference
to the range-energy data svailable on the web at [7]. Be
sune to wse the “projected range”™ data and oot the CSDA
range data. To interpolate thas table plot the tabulated
range versus eneregy. Call o and e the median channels
of the pubse: before and after paesape through a tarpet.
Youn can assumwe with some conbidenee that the median
channel mumber s proportional to the particle enerey.
From vour range cnergy plot, read the range of the inci-
dent alpha particles By and the range of particles wath
cnergy (ezfe1) Fo. The difference in range is the thick-
ness of the tarpet in me - cm *. Does your data fit better
wsing Ep = 548 MoV or using a redoced value acecounting
for the 1.5 pm gold coating on the souree?

111.4. Plan and Execute Your Scattering
Measurements

Your data from this expenment should consest of al
least the results of the following opoerations:

L. Determine the ossentinl charscteristies of the ox-
perimental sctup.

() Measure the counting rate as a function of
howritzer position angle with the open hole.

(b) Measure the loss in energy of the alpha parti-
cles in traversing cach of the three tarpets and

determine the thacknesas of the tarpets from
Lhe data.

2. Measure the anpular dependence: of the scatbering

eroes section of pold.  Moessure the counting rate
with a pold tarpet for the full energy alpha pacticle

beam as & function of howitzer position angle ont
to the larget angles that counting statisties and
tirme limitations allow.

3. Determine the total eross scction oo Messure the
intensity of the beam that cmerres from the how-

itzer. Note that the bhowitzer 15 desipnoed so that
the entire cmergent beam irradiates the tareet foils;

.., the beam 15 sufficiently narrow to pass through
the foils without intercepting the tarpet holder.

4. Measure the Z-dependence of the Rutherford eroesss-
section. Compare vour results from the pold tarpets



