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o-Particle Spectroscopy with Si

Purpose: Learn about a~particle spectroscopy techniques using solid-state Si detectors. Understand
a-particle decays and how levels are how daughter products can also be a source of « particles.

Overview: We will be studying o particles from a source which was originally pure *26Rg,
Goals:
e Understand the a-particle decay of 2Ry and its daughter products.

e Understand the logic of the electronics used, the purpose of each module employed, and the setup of
timing, gates, gains,

® Undérstand the features of the energy spectrum.

3 i’erform an energy calibration for the detector using the energies of known peaks.

® Determine the energy resolution for the detector. |

¢ Determine the activity of the source.

» Identify the daughter products from their @-values and intensity,

® Determine the age of source, relative to the time when it was pure 220R5,
e Keep a detailed loghook of all relevant details.

. Access the literature to determine the expected properties of each isotope.
® Prepared a detailed formal laboratory report on these investigations.

For the first day in the lab:

¢ Read all of the background material beforehand.

¢ Understand the list of goals.

¢ Begin to familiarize yourself with the experimental setup.

o Try to understand each part of the system.

¢ Become familiar with the the oscilloscope and use it to look at the linear and logical signals and
various points in the setup.

® Learn about how the digitized signals are stored in the computer.




Your Brief Technical Report Should Include:

¢ A plot of the @ spectrum.

¢ A table of Energies and Chanpels for the peaks observed.
e A plot of Energy versus Channel for the peaks observed.
e Identification of the peaks observed.

e Determine the energy calibration of the detection system.
¢ Determine the energy resolution of the detection system.

® Determine the number of ?2Ra, atoms present in the source.

® Determine the age of source, relative to the time when it was pure 26R5,




R Appendix 1: Decay of 226Rs
) 88-Ra-226 Radium-226
Half life: 1600 years
Mode of decay: alpha into Rn-299
Decay energy: 4.871 MeV-4— +4s aut}\‘l&d@% €
Subsequently -y radiation of Rn-222 at 186 keV possible
F 7 rada

86-Rn-222 Radon-222, noble gas
Half-life: 3.8235 days

Mode of decay: alpha into Po-218
Decay energy: 5.590 MeV

84-Po-218 Polonium-218 (Historically Po-218 is also called radium A)
Half-life: 3.10 minutes

Mode of decty: alpha into Pb-214

Probability: 99.98 %

Decay energy: 6.115 MeV

Mode of decay: beta into At-218

Probability: 0.02 %

Decay energy: 0.265 MeV

85-At-218 Astatine-218
3 Half-life: 1.5 seconds
Mode of decay: alpha into Bi-214 -
Probability: 99.90 %
Decay energy: 6.874 MeV
Mode of decay: beta into Rn-218
Probability: 0.1 %
Decay energy: 2.883 MeV

T
. 86-Rn-218 Radon-218 ~
\ " Half-life: 35 mlliseconds <~

Mode of decay: alpha into Po-214

I

Decay energy: 7.263 MeV ' *

4 82-Pp-214 Lead-214 (Historically Pb-214 is also called radium B)
Half life: 26.8 minutes
Meode of decay: beta into Bi-214
Decay energy: 1.024 MeV
Subsequently ~ radiation of Bi-214 4t 352 keV, 295 keV, 242 keV, 53 keV possible

83-Bi~214 Bismuth-2i4 (Historically Bi-214 is also called radium C)
Half-life: 19.9 minutes

=~ Mode of decay: beta into Po-214.

Probability: 99.98'%

Decay energy: 3.272 MeV

Subsequently « radiation of Po-214 at 609 keV possible

Mode of decay: alpha into T1-210

Probability: 0.02 % $

Decay energy: 5.617 MeV

Mg
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84-Po-214Polonjum-214 (Historically Po-214 is also called radium C%
Half life: 164.3 ms

Mode of decay: alpha into Pb-210

Decay energy: 7.833 MeV

81-T1-210 Thallium-210 (Historically T1-210 is also called radium c")
Half-life: 1.3 Minutes :

Mode of decay: beta into Pb-210

Decay energy: 5.484 MeV

82-Pb-210 Lead-210 (Historically Pb-210 is also called radium D)
Half-life: 22.3 years

Mode of decay: beta into Bi-210

Decay energy: 0.064 MeV

Mode of decay: alpha into Hg-206-

Probability: 1.9E-6 %

Decay energy: 3.792 MeV

83-Bi-210 Bismuth-210 (Historically Bi-210 is also called radiym E)
Half-life: 5.013 days

Mode of decay: beta into Po-210

Decay energy: 1.163 MeV

Mode of decay: alpha into T1-206

Probability: 0.00013.%

Decay energy: 5.037 MeV

84-Po-210 Polonium-210 (Historically Po-210 is also called radium F)

- Half-life: 138.376 days

Mode of decay: alpha into Pb-206
Decay energy: 5.407 MeV

82-Pb-206 Lead-206 (Historically Pb-206 is also called Radium G)
Pb-206 is the final product of the U-238 radioactive series. It is stable. This lead is dead!

The entries are taken from the NUDAT database, see:

R.R.Kinsey, et al.,The NUDAT/PCNUDAT Program for Nuclear Data, paper submitted to the 9th In-
ternational Symposium of Capture Gamma-rray Spectroscopy and Related Topics, Budapest, Hungary,
October 1996. Data extracted from NUDAT database (Dec.18, 1997).
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Some Remarks on Determining the “age” of a »Ra Source

Assuming that one starts with pure ?*Ra, it is possible to determine its “age” (defined here to be
the time since it started life in a pure state) by observing the decays of its daughter products. First note
that all the decay half-lives are very short (less than one week), except for two: the initial “?’Ra decay
(t179 = 1600 years) and the the ?'%Pb decay (t1/2 = 22.3 years).

The number of ***Ra atoms N4 present in the source is a function of time ¢ and is described by

Ny =Ny eXp(—t/TA), (1)

where Ny = Na(0) and 74 is the mean lifetime of 6 Ra given by # s2/In2. The decay rate of **Ra is given
by
3 dN 4

ar = Na/ta. | (2)

I will assume ¢ = { when the source was made. Note that 5‘%1 is a quantity that you can measure in the
laboratory and can be used to determine N 4. ' ~ :

Once the source is several weeks old, an equilibrium is established. Consider for example ??Rn. In
equilibrium, this isotope is produced at essentially the same rate as which is it decays — this must be
the case because every **?Rn which is created decays shortly thereafter. This same argument can be
applied to all of the other isotopes in the decay chain which have short,h'a]_f—léves (i.e. less than one week).
Unfortunately, these decays don’t téll us anything about the age of the source.

For 2'%Pb and %P} we have to be a little bit more careful. Once the source is several weeks old, 219Phb
is produced af the same rate as “°Ra decays. However, 2°Pb decays with a 22.3-year half-life. We can
describe the number of ?'°Pb atoms N B as a function of time via: ' '

dNp _ _dNs Ny 3
dt dt B
: N N
= “Dexp(—t/ra) - -2 (4)
TA B

The first term in this equation describes the creation of Ng by the decays of parent nuclei and the second
term describes the decay of Np due to its own half-life (g is the mean lifetime of 210Pb).
This is a differential equation. It can be solved by “guessing” the answer:

Np = Aexp(—t/74) + Bexp(—t/75), (5)

Where A and B are arbitrary constants. If we start with a pure 22Ra source that means we have zero
*19Pb initially so we have Np(t = 0) = 0, ie. A= —B. We can determine 4 by substituting in Eq. (4);
the final result is: N

Np = %f)—;—i lexp(—t/74) — exp(~t/75)]. (6)

The quantity Np does tell us something about the age of the source. Unfortunately neither Npg or its
decay rate can be measured directly with our setup (*°Pb decays by 3 emission).

We can apply the equilibrium argument to decays following 2Pb. In particular, the decay rate of
%P0 is equal to the decay rate of 210Pb once the source ig several weeks old. The nucieus 219Po decays
by o emission — something which we can measure. In addition the **°Po decay rate is just given by %
— something we can calculate from Eq. (6)! The comparison can be used to determine ¢t — the age of the
source.



Electronics Setup

| HV L?as)
. ,

G p _______.rzz)—:— COMPw*kr /

diector |

‘e The chamber must be evacuated before starting the measurements. Do not leave the high-voltage -
bias on when either pumping out or venting the chamber, Any ideas why?

e The bias voltage for BA-024-300-500 is E_ELQ_Y 5

e The detector is connected to a pre-amplifier by a single coaxial cable.
e The high-voltage bias for the detector is supplied to the preamp.

® The pre-amp output is sent to an amplifier.

e The amplifier output is sent to an ADC.

e The digital data from the ADC is stored in the computer.

-




Germanium Detectors

Discrete-line y-ray spectroscopy requires a detection system that offers excellent energy
resolution. Today, practically all v ray spectroscopy experiments employ high-resolution ger-
manium (Ge) detectors. The germanium detector, similar to other semiconductor detectors,
is a large reverse-biased p-n junction diode. At the junction between the p-type and the n-
type material, the migration of electrons from the n-type material and holes from the p-type
material gives rise to a region of net zero charge. This region is known as the depletion region.
The net positive charge on one side of the junction, and the net negative charge on the other,
sets up an electric field gradient across the depletion region. Any -y rays interacting with the
germanium (through the photoelectric effect, Compton scattering, or pair production) will
produce electron-hole pairs in the depletion region, which will then be swept to the edges
of the detector because of the electric field gradient, constituting an electric current.- Since
the depletion region is the active part of the Ge detector, the active volume is required to
be as large as possible. If a reverse-bias is applied, the width of the depletion region can be
increased. The width is proportional to (V/n)/2. Here, V is the bias voltage applied and n is
the impurity concentration of the germaniurm. Natural purity germanium can only maintain
a depletion region of a few millimeters before electrical breakdown occurs. Therefore at a
given bias voltage, the only way to increase the width of the depletion region is to reduce the
impurity concentration, N. This fact led to the introduction of lithium-drifted germanium
detectors known as Ge(Li) detectors. These detectors are manufactured by adding lithium
donor atoms to the Ge material. The donor lithium atoms exactly balance the acceptor
impurities, resulting in a very low net impurity level. This allows the depletion region to be
extended over the whole of the lithium-drifted region. Advances in manufacturing techniques
have, however, allowed extremely pure Ge crystals to be grown. This high-purity germanium,
or HPGe, has impurity concentrations of around one part in 10*?, allowing depletion depths
of several centimeters to be achieved. High-purity germanium also has the advantage over
Ge(Li), in that it can be stored at room temperature. Ge(Li) detectors must be stored at
77K, to avoid a redistribution of the drifted lithium, Whiéﬁ—éffé?ﬁfré’l_y’ destroys the detector.

The energy required to create an electron-hole pair in Ge is approximately 3 eV, thus an
incident -y ray, with an energy of several hundred keV, produces a large number of such pairs,
leading to good resolution and low statistical fluctuations. These are desirable properties.
HPGe detectors are operated at temperatures of around 77 K, in order to reduce noise from-
electrons that may be thermally excited across the small band gap in Ge (0.67 eV) at room
temperature. This is achieved through thermal contact of the Ge crystal with a dewar of
liquid nitrogen, using a copper rod, known as a cold finger.

The contribution from the detector to the overall resolution can be calculated from the
formula:

system resolution = \/ [R(d)]? + [R{E)]?, (1)

where R(d) is the detector resolution and R(E) is the electronic resolution. These resolutions
add in quadrature. There is a lower limit to R{d) that is energy dependent. The production

1
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Figure 1: Schematic diagram of a fypical germanium detector showing the germanium crys-
tal, the photomultiplier tube, and the liquid nitrogen cooling system.

where R(d) is the detector resolution and R(E) is the electronic resolution. These resolutions
add in quadrature. There is a lower limit to R(d) that is energy dependent. The production
of electron-hole pairs is a process that is statistical in nature, and hence there are fluctuations
in the actual number produced. When the proper statistics are used, the theoretical lower
limit to R(d) is given by:

R(d) = KVF - E, (2)

where K is a constant, /2 is the energy of the photon in MeV, and F is the statistical
Fano factor (a measure of the magnitude of the statistical fluctuations). To a very good
approximation, this equation reduces to:

R(d) in keV = 1.44/E (in MeV). (3)
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ORTEC

INCORPORATED 100 MIDLAND ROAD - DAK RIDGE « TENNESSEE 37830 .

aAr L fl EG:l5 o A RS TELEPHONE (B815]482-4411 TELEX 55-7450

QUALITY ASSURANCE DATA

Semiconductor Radiation Detectors

WARRANTY BASIS * ACTUAL MEASUREMENTS.

Shipment Datem_ Serial NO.M Alpha Resolution 72 )-’ A Kev FWHM (a)
* Model No. 5’/9’ ‘ﬁ24"' 5”5"50 O Noise width : ' /ér 0 ‘ Kev FWHM(M

Active Area {nominal) 3 ﬂ d mm? ‘ Reverse Curre_nt M Hamps @—_Zm_ volts

Alpha Rasolution _ Z 4 Kev FWHM_(*" ' Temperature . 23 °¢
Noise width / ? Kev FwHM{b) Sensitive Thickness = ﬁﬂ _microns
Sensitive Depth (minimum) j/) O microns Nominal Resistivity . éJ’d 0 {lem,

Operating Bias .? 0 O _volis -], " Electrode Thickness: - Au . fﬂf 3 _. ugm/em?

Posh  NegD . } 7 _ . Al _i&L pg_m/crnz

NOTES:
WARRANTY TERMS ) ) GENERAL SPECIFICATIONS
Detectors are quararieed to meet the minimu specifications of the 1. Al deteciars are operated in excess af 12 hours in vacuum of 10_5,mrr|
warranty basis data above for a period of __‘2&0_ from the date of uf Hg before 1aking data shoive, 4 .

shipment if used in careful laboratory conditions as outlined in the ORTEC . oo :
Detector Instruction Manuai. During the term of the o ginal warranty 2. Surface barrier type detectors have a from surface dead layer no

period the detector will be repasired or replaced at ORTEC option, at no oreater than that corresponding 19 20 Kev energy loss from a 5.5 Mav
charge to the user with service credit extended for unused portion of alpha, - - T

warranty period from date of notification of failure, . -

a. Alpha rasog.lition is the full-width at half-maximyum (FW| MisfaSs5 |
ORTEC makes no other warrantios, express or implied, and specificatly NO Mev thin Am?41 alpha source specirum fine, measured-with detector and
WARRANTY OF MERCHANTIBILITY OR FITNESS FOR A | source in vacuum, with stated high vnl!)ag}, and includes the noise

PARTICULAR PURPOSE. contribution of an ORTEC Ampiifier Systemn;

B . -~ . .
ORTEC's exclusive liability is limited 10 repairingor replacing, at ORTEC's b. “Noise Width is the FWHM of an ORTEC preeision pulse generator line
option, items found by ORTEC to he defective in workmanship or spectrum with detector connectad as.2-naise source to input of an ORTEC
materials within one year from the date of delivery. ORTEC's liability on Amplifier System, and at stated_r_?é:‘:'olt_age. Noise width is generally
any claim bt any kind, including negligance, foss or damages arising out of, somewhat less than alpha resolution, and is very nearly equal to beta or

connected with, or from the performance or breach thereof, or from the proton resclution for totaily absétbed partictas,
manufaciure, sale, delivery, resale, repair, or use of any item or services :
covered by this agreement or purchase order, shall in no case sxceed the

price allocable to the item or service furnished ar any parr thereof that . ! Co ' d 'S
gives rise to the claim. In no event shali ORTEC be liable for special or X %/ . /é&%
consaquential damages. . . Data Certitied by__ 7 ‘ i

Special Test Data

Printad in US A, . 3799 Agfe naTn

v
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Specific Spacific | Geptetion } Parsi Bies
Resistance Capatitence JLayer for Range of Vottage
in Ohmcm Depthv Depletion Depth n
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A straight edge intersecting the centar vertical line at the requivad depletion depth
will give combinations of sesiztivity and detector bias that moy ba usad to achieve
that depth. (Shown, for example, is the voliage that must be applied t0.a 13,000
chm-cm p-type or 4500 ohm-ém ntype silicon detactor to stop & 23-MeV alpha, a
. 6-MaV proton, or a 250-keV slectron within the depletion depth.)
S _ Fig. 7.4. Slilcon Detscior Pirsmeters Nomogram. (
- (Similar to Nomogram reported by J. L. Blankenship, IREE Trars. NS-7(2-3):180 - =

195 (1980).]
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A straight edge intersecting the center vertical fine at the required depletion depth
will give combinations of resistivity and detector bies that may be used to achisve
ithat depth. (Shown, for exampie, is the volfags that must be applisd to a 13,000
ohm-cm p-type or 4500 ohim-cm n-typa silicon detector to stop & 23-MeV aipha, »
6-MaV. proton, or a 250-keV slectron within the depletion depth.)
- Fig. 7.4. Sliicon Detector Parameters Nomogram,
[Similar to Nomogram reported by J. L. Biankenship, IREE Trans. NS-7(2-3):190 -
195 (1980).]
?'SIllconDeiectér Nomograin

This nomogram was obtained directly from the Schottky theory for an abrupt junction. In con-
junction with the use of this nomogram, the following facts should be pointed out:

1. The fundamental derivation upon which tha"jca;!culations are based cesses to be vaiid once
the sensttive region extends completely through. the wafer (dE/dx devices). ‘

2. For detector configurations where the sansi;;ive surface does not extend completely to the
edge of the water (e.g., Schottky Barrier models), fringing field effects at the edge will cause a
small quagtiure from the capacitance relationships by changing the effsctive area as a function
of applied bias. e v L

3. The effective sensitive depth will be somewhat larger (from a few to 20 microns, depending
on such factors as amplifier time constants) than the indicated barrier depth because of charge
diffusion into the sensitive region.’For betas (electrons), pronounced diffusion coliection from
depths as great as 500 um has been frequently observed in surface barrier detectors. .

4. in cryogenic applications where the resistivity of the sificon becomes. very large, the
Schottky Barrier model no longer gives a valid approximation of the internal field distribution,

5. The depletion depth and resultant capacitance are fundamentally related to'the uncompen-
sated impurity density N. Since for a fixed temperature (fixed mobility) the resistivity of the
material is related to N through the mobifity, i is possible to also add a scale relating to the
sensitive depth 10 the room temperature resistivily. At other temperatures, the resistivity scale
is not valid since the carrier mobilities are temperature dependant: '

o,
i
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PHYSICAL REVIEW C VOLUME 46, NUMBER 2 AUGUST 199:
Simple relation for alpha decay half-lives .
B. Alex Brown

National Superconducting Cyclotron Laboratory .
and Department of Physics and Astronom y, Michigan State University, East Lansing, Michigan 48824
(Received 23 March 1992)

The experimental values of log,,T, ,(sec! plotted vs Z26/1/ Q. are shown to fall on a nearly universal

straight line with log,oT o(sec)=(9.54205 11/ .

}=351.37, where Z, is the charge number of the

daughter nucleus and Q,, is expressed in units of MeV. This behavior also numericaily comes out of the
semiclassical WKB calculation of the barrier penetration factor. The fine structure in the ratio of exper-

iment over theory is briefly discussed.

PACS numberi(s): 23.60.+e

The earliest law for the systematics of o decay lifetimes
was formulated by Geiger and Nuttall [1]. This was _the
observation that log,,T ,{sec) plotted vs 1/1/ Cus
where Q, is the a decay @ value, empirically formed
straight lines for a series of nuclei with the same charge
number. In Fig. 1{a), I show a modern version of this
plot for the J7=JF=0" a decay data tabulated in Ref.
[2). There are 119 data points for a range of Z, from 74
to 106, where Z, is the charge number of the daunghter
nucleus. Even though the data for a given Z, value fall
on roughly a straight line, there is a large seatter berween
the lines for different Z, values. .

It is well known that this trend can be understood in
terms of the semiclassical approximation for the decay

rate .

{n

where P is the preformation prob_ability, W, is the col-
lision rate of the particle with the nuclear surface, and
T is the barrier penetration factor given for | =0 decays

W=PW,T,

in the WK B approximation by

RC 3 .
T=exp{=2[ “VuVir—g,)/#dr|. 2

In this expression R, is the *“touching™ radius.
R,=R,+R,, where R, and R, are the hard-sphere radii
for the o and daughter nuclei, respectively. The potenrial
is given by V(r)=Z_.Z.e/r, where Z,=2,and R, is the
classical turning point, R,=Z_Z,e2/Q,. The reduced
mass is p=M_M;/(M,+M,). Equation (2) can be in-
tegrated exactly to give

T=exp| —2Z,Z,eV 20/ 07
X[cos™Hx}=xV1—x2]} , (3

where x=1/R,/R,. The last part of Eq. (3) can be ex-
panded in a power series in x:
L3

cos Hx)—xV1—xl=(g/2})—2x +x3/3— - -

| N R e
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FIG. 1. {a) On the left-hand side, the experimental values for lo

0.5

35 40

24/ Qg

45

21071 215ec] are plotted vs !/\/-é:, where the data for T, ,; and Q.

are taken from Ref. [2]. (b} On the right-hand side. the experimental values for log;, T ,;{sec) are plotted vs Z:/V Q.. The points

for a given value of Z, are connected by lines,
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FIG. 2. {a) On the left-hand side, the experimental values for Jog,, T, rilsec) are plottet_'l_ vs Z35/y/ Q.- The straight I{ln: :?w_:sems
a bes: fit to the data, (b} On the right-hand side, the theoretical values for log,, T, ,»(set) from Eq. (1) are plotted vs Z28/ 0, ang

compared fo the best fit line from (a).

The x* term is often dropped in the discussion of this ex-
pansion, but it is important at the level of about 1 order
of magnitude in the half-lifs. The next-order term in x*3
'is not important at the present level of experimental and
theoretical uncertainty. The barrier penetration factor in
terms of the power series expansion is '

— g2 2 22
T=exp { ~2V 2R [ 32—5‘/--5’—1—*21/‘7-:%8’&
‘a

Q&era
WZ 7.l

The original Geiger-Nuttall ruje emerges from the first
term in this expansion together with the fact that the
second term does not depend on Q. Further, as previ-
ously noted [3), this result suggests that log,, T, ,(sec) vs
- Z4/vV Q4 may be a better way to plot the data. The re-
sult is shown in Fig. 1(b), where the data again form lines
for a fixed Z, value,'and where the scatter as a function
of Z, is somewhat less than in Fig. 1(2). The scatter in
Figs. 1{a) and 1b) is due mainly to the second term on
the lefi-hand side of Eq, (5), o

Here I point out that there is an-interesting interpola.
tion between Figs, l{a) and I(b). Namely, if one plots
log,oT' /2 vs Z3°/1/Q,. as shown in Fig.-2(a), the points
fall on a nearly universal straight line. Also shown in this
figure is a straight line which represents a best fit to the
data. It is given by ' '

logioT1/a(sec)=(9.54Z3/v/ @ )~51.37,

where @, is expressed in units of MeV. The rms devia-
tion of the experimental values of log,oT, j5(sec) from
this straight line is 0.33. The rms deviation of the
straight-line fit as a function of the power of Z; is shown
in Fig. 3 and is seen to have a sharp minimum at a value
of about .o, :

+ (5)

It is not obvious-that this should follow from Egq. (1);
however, numerically. it does. In Fip: 2(b) I show .
logoTy z{sec)=log,(In2 /W) vs Z},’"/VI'Q,, where W is
calcuiated from Eq. (1) and the experimental @, are used.
The theoretical results ara compared to the besi-fit l;,mj\
from Fig. 2(a). T have used P=[, R =215 f5.
Ry=ry A", with r4=1.2 fm, and the classical value for
W, given by '

W.=(1/2R, v 20./u , ' (6)
which follows from the classical motion of an « particle
in the nucleus.in a potential F(r)=0 for r <R,. [The re-
sults are, however, relatively insensitive to the value as-
sumed for V(r) inside the nucleus.] The radii R, and R d
used above are the uniform sphere radii which are related
to the rms charge radij Faa by R=V'5/3r (r,=1.67 fm
for the a particle). The theoretical points from :he semi-

3.0t e , ,
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FIG. 3._rms deviation of the straight-line fit to log,, T, nisec)
vs Z7/v'Q, as a function of the power x. The solid line is the
fit to the experimental data and the dashed line is the fit 10 the
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FIG. 4. (2) On the top, the ratio of the experimental and theoretical decay rate for @ decay {circles) is shown with the theoretical
decay rate taken from Ref, [2). On the lefti-hand side the points are plotted vs neurron number N=N,; +2, and those for a given pro-

g

et

[

ton number Z =2, +2 are connected by a line. On the right-hand side the points are plotted vs Z, and those for a given .V value are

- connected by a line. (b) On the bottom, the ratio of the experimental and theoretical decay rate for @ decay is shown with the

theoretical decay rate obtained from the present calculations with ro = 1.2 fm (circles) and ry=L.1 fm (squares}.

classical WKB approximation follow the straight-line
dependence even a little better than the data ( rms=0.20,
see Fig. 3), ,

The deviation between experiment and theory can be
seen in more detail in the usual way [4] by plotting the
preformation factor P, as deduced from the ratio of the
experimental and theoretical decay rates versus neutron
and proton number as in Fig. 4b). The well-known fine
structure in P vs neutron number N can easily be seen
with the dominant effect being a dip to P=0.01 at
N=126. The top set of points in Fig. 4(b) obtained with
a value of ry=1.1 fmm illustrates the strong correlation be-
tween rg and P. The decrease in P at N =126 is correlat-
ed with a decrease in the measured rms charge radii at
N'=126 [5]. However, the radius variation is only about
2%, whereas a dip of 1 order of magnitude in P would re-
quire about a 10% radius change if this were the only
thing responsible. Buck, Merchant, and Perez f2] have
postulated that the radius to be used for R, should be
determined not from the charge radius but by the Bohr-
Sommerfeld condition for an a-particie wave function in-
side the nucleus with a fixed well depth and a fixed num-
ber of nodes. In addition, they postulate that there is a
10% increase in the number of nodes at N =126 due to
the change of valence shell structure. This increases the

radius by 10% and thus accounts for the discontinuity at-

N =126. The P values obtained from their assumption
about R, as shown in Fig. 4{a) show about 3 factor of 2-3
improvement in the scatter, and the discontinuity at

N =126 is mostly accounted for.

Another.way to interprat the resuits of Buck er al. is
to relate R, for the a cluster to the radius of the valence
orbits. There is about a 10% increase in the rms radius
of the valence neutrons when they change from the
(Ohg ,,, lf-,,z,Ifm,Zpyzme,{}iu,z} major shell below
N=126 to the (01-“/2, 1g9/2!137/212d5/2)2d3123sl/2’
0j1s,2) major shell above N =126, There should be a
similar effect when the valence protons cross Z =82. The
empirical Z dependence is shown on the right-hand side
of Fig. 4. The lines which cross Z =82 are for neutron
numbers around 'Pb (¥ =112) and surprisingly do not
show a discontinuity at Z =83, perhaps because Z =82 is
not a good magic mumber for these very light Pb isotopes.
Other lines on the right-hand side of Fig. 4startat Z=84
(the Po isotopes) and show about the same trend from
Z =84 to 90 as for the neutron points between N =128
and 140 on the lefi-hand side of Fig. 4. Thus, in sum-
mary, the comparison in Fig. 4(b} indicates a discontinui-
ty in both ¥ and Z centerad only on the doubly magic nu-
cleus **Pb. The orbit occupations of the valence protons
and neutrons also influence the amount of proton-
neutron correlation and hence the preformation probabil.
ity. Quantitative calculations based on microscopic mod-
els have been difficult and controversia] (6] and have thus
far been limited mainly to the one case 22Pg ¢ decay.

In summary, I have shown that the experimenial

values of lagoTyp(sec) plotted vs Z%$/v/g. fan
on a nearly universal straight line. These sy¥stematics
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should be useful for extrapolations to more exotic nuclei
and to superheavy nuclei, I also have shown that this be-
bavior comes out numerically from the semiclassical
WKB approximation. It may be useful fo consider

. whether or not there is any simpler underlying physical
interpretation of this simple functional dependence of the
decay rate on Z,,

Note added in proof. Other simple relations have been
proposed, which are similar in Spirit to mine but not the
same in form. These are summarized in Ref, {7}. In par-
ticular, the form of Wapstra et al, [8] can be fitted to the

BRIEF REPORTS

* .
W
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data set considered here with  the resnlt
logyo Ty {sec)={( 1.001Z, +51.89)/v/ Q.]—51.37, ;

R

with an rms deviation of 0.31. The form of Tazgep...

and Nurmia [9] and Keller and Munzel [10] can be fitted
to the data set considered here with the resuit,
logyoT) 2 (sec)=1.598{(Z, 1/ Q, — Z37]—19.94,
with an rms deviation of 0.33,
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