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1. Analysis of danger to imitate double bata dacay of 100-Ma
by intarnal radicactive ispurities of Mo-foil

Tha presence of radicactive impurities in Mo foll allows mayba not to
imitate completely tha doubls bata decay of 100-Mo but at lsast to give doubla
elactron events in suitable regions of energy of alectrons and angla batwsan
the tracks. Bata decaying nuclides are more dangarcus than alpha dacaying
bacause thay give ona electron at once. Sscond slactren can be created by means
of & gquite big numbar of processes:

(1) after tha Mollar scattering of first electron on the atomic shell
e@lactrons inside the foil (or after the Bhabba scattering in tha case of
Foaitron as incident particla);

{2) tha daughtar nucleus is created usually in axcited state aftar the
dacay. Gamma quanta are emitted in deexcitation process mainly but comversion
alactzons or slectron-positron pair (if the energy releass is greatar 1,022
HaV) can ba emitted also instead of gammas;:

(3} deaxcitation gamma cuantum during its travel in foil can produce sacond
alactron in the result of Compton effect or photosffect: if gamma anargy is
greatar 1,022 MaV tha pair e+e- can ba created.

Alpha emitters can‘t ba complately axcludad bacause of above-manticned
procassas (2) and (3) and of process (1) afterwards (with addition of doubla
Compton affect, for axampla).

As wa know (sea for instance [1]) Mo samplas (both with natural composition
and anriched in 100-Mo) hawe impuritiss in nuclides of natural radicactive
families 232-Th, 235-U and 238-U and alsoc 40-K, 60-Co and 137-Cs. So wa need:

(1) to estimate the potential deagres of danger to imitates doubla bats dacay
for aach nuclids frem 232-Th, 235-U and 238-U chains and 40-E, 60-Co, 137-Ca;

(5) to simulate tha dacay of dangercus lsotopes in order to know the
afficiency and responss function of NEMO datsctor for corrssponding doubla
alactron events.

The natural radicactive chains of 232-Th, 235-U and 238-U are shown in
wall-known fig. 1 and chazacteristics of different nuclides are listed in tabla
1l in follow ordar:
parant nuclide;
prcbabllity for its appsarance in the decay chain;
modas of d.-clL-u.fh!# - alpha/beta/gamma) and their probabilities:
daughter nucl H
anargy saleass (MaV):
mazimum energy of excited lsvel of daughter nucleus cccupied in the dacay
of parent nucleus;
= dagrea of dangez (lan my opinion, of course) from weak (*) to very strong

(*=*%); last can give svents in the region of neutrinoless mode of 100-Mo
doubla bata dacay.
Cne can ses from tabls 1 that wa hawve:
= 2 nuclidas with #*és of dangar (ansrgy releass mors than 3 MaV and
high prebabdlity for this moda of decay)
= 208=T1,
- 214-B4;
- 4 nuclides with *"¥—dagrea of danger (Q is near 2 MaV, high probability)
= 228B-Ac,
- 212-Bi,
- 234m-Pa,
= B0-Co;
= & nuclides with **-dagree of danger (Q is naar 1 MaV, high probablility)
- 211-Phb,
- 207-71,
214-FPb,
210-B4,
40-K,

= 137-Ca.

It is interesting to note that in 238-U chain we have the bata decaying
nuclida with energy release even greater than that of 208-T1 - 210-T1 (5.487



and 4.992 MaV mmlpondinElE»] but tha probability of 210-T1 appearance in the
dacay chain is quite low (0.021w),

I think tha dacays of all nuclidas from ***% to5 *% pust ba simmlated in
HEMO datector - all of them can give events with two alectron tracks at least in
the region of doubls neutrino moda of 100-Mo double bata decay.
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Table 1. Charactaristics of natural
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(232,90)Th cha

a=  100% (228,88)Ra
b-  100% (228,89)Ac
b= 100% (228,90)Th
a-  100% (224,88)Ra
a=  100% (220,86)Rn
a- 100% (216,84)Fc
a=- 100% (212,82)Fb
b= 100% (212, 83)B4
a= 36.0% (208,81)T1
b- E4.0% (212, 84) Po
a- 100% (208,82)Fb
b= 100% (208,82)Fh
astable

(232, 90)Th l00%
(228, 88)Ra 100%
(228, 89) As 100%
{228,90)Th 100%
(224,88) Ra 100%
(220, 86)Rn 100%
(216, 84)Po 100%
{212,82)Fb 100%
(212,83) B4 100%
(212, 84)P0  64.0%
(208,81)T1 36.0%
(208, 82) b 100%

wp to 0.993

up to 0.663

$9.9% and 0.550

P 99.9579% and 0.805

up to 0.803

with pmé, Oa-5%
with p=1.7a-2%
'ith p=0.1%

with p=2. la=-3%
with p=1.6a-2%

(235, 92)U chain:
(23s, 920
{231, 50)Th

(231, 51)Pa
(227, 89) A

(227,90)Th 9§
(223, 8T)Fe

(223, 88) Ra
(213, 85)At 6.

{219, 88)Rn

(215,83)84 &,
(215, 84) Por

(215, 85)Ax 2.
(211, 82)Pb
{211,83)m4

{211, 84) Fo
{207,81)T1 3§
(207.82)Fb

1 up to
2 up to
3: up to
4: up to
5: up to
[3 to
7 H.H:Fm:d

1004
lo00%

100%
100%

8. 62%
1.38%

=100%
Sa=5%

~100%

Ta=-5%
100w

kL]
=100%
100w

0.28%
9.72%
100%

0.657
0.601
1.025
0.873
1.055
0.445
0.405

radicactive nuclidas
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Ca=4.081 Eax=0.185
Qb=0.0486 =0.007
=2._137 =2 027 i
Qa=5 E20 =0.250 (1)
=5.789 =0.241 (2)
=§.405 =0, {3)
=§.907 =0, (4)
Qb=0_ 573 =0.415 *
Qa=6.207 =0.49%3 (5)
Qb=2 2486 =1.8086 e
Qa=g, 954 =7
Qb=4.5592 =4, 481 Teddn
QGa=4d.679 Eax=0. 452
=4.202 =%
Qb=0. 389 = .352 *
Qam5, 148 =0.438 (1)
=5,043 =0.243 (2}
Qb=0.044 =0, 025
Qa=6.146 =0.538 (3)
=5.430 =7
QOb=] 148 =0.543 L
da=5.799 =0,646 (4)
=§.390 =7
Qb=1.700 =7
Qa=§. 948 =0.517 (5)
Gb=0.214 =2
=2 .250 =7
Qa=T 527 =, (&)
Qb= 721 =7
Qa=8.178 =0, (7
Qb= . 373 =1.270 *#
Qawmg, 751 =0.351
Qb= 575 =0, »
Qa=7.554 =0.898
Qbe=1_ 422 =0_898 L

a= 100% (231,90)Th
a= % (227,88)Ra
b= 100% (231,91)Pa
a= 100% (227,89)As
a= 1.38% (223,87)Fr
b- 98.62% (227,90)Th
a= 100% (223,88)Ra
a- 0.005% (219,85)Ac
b-39.995% (223,88)Ra
a=- 100% ({219,86)Ra
a- 7% (215,83)B4
b- 3% (219.86)Rn
a= 1008 (215, 84)Ps
b= -.. % (218, 87)\Fr
b= 1008 (215, 84)Fc
a=- =~100% (211,82)Fb
b-2.3e-4% (215,85)At
| T 100% (211,83)84
b= 100% (211,83)BL
a= 99.72% (207,81)T1
b= 0.28% (211, Bd) Fa
a- 100% (207, 82)Fb
b= 100% (207, 82)Ph
stabla
with p=2. Te-2%

with p=d, Ta-2%
with p=4. le-2%
with p=5 Ta-2%
with p=3. 3a-2%
with p=5.6a-2%

with p=( 05%
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(238, 92)U chain:

-

[
A0l U L B

(8)
(@)

(9)
(10}

LE &}

Ld

L2 il

Ll

(238, 82) 0 100% a- 100% (234, 90) Th Qa=4 270 Eax=0.160
{234, 50) Th 100% a- {230, 88)Ra =3,630 =7
b= 100% (234m, 9l)Fa Qb=0.183 =0.133
(234m, 91) Fa 100% g- o.13% (234,91)Pa Qgr=0.080 -
b- 93.87% (234, 92)0 Q=2 287 =1.570
{234, 91)pa 0.13% a- ... % (230,89)As Qa=4_160 =7
b- 100% (234, 52)07 Qb=2.207 =2.143
(234, 92)u 100% a- l00% (230, #0)Th Qa=d. g5g =0,174
(230, 90) Th 100w a- 100% (226,88)Ra =4.771 =0.211
{226, 88)Ra 100% a- 100% (222, Bé)Rn =4, 871 =0,188
{222, 86)Rn 100% a- 100% (218, 84)Pa =5 551 =0,
b- ... (222 BT)FE Qb=0_032 =7
(218, 84) Po 100% a-99. 982% (214, 82)Pb Qa=§ 115 =0,
= 0.018% (218, 85) A Qb=0. 25§ =P
(218,85)At 0.018% a- 89.9% (214,83)B4 Qa=§. 383 =).096
b- 0.1% (218, 86)Rn Qb=2 ga7 =7
(218, B6) R l.8e-5% a- 100w (214, 84)Po Qa=T 26§ =0, 609
(214, 82)Pb 99, 5982% Bb- 100% {214,83)B4 gb=1_024 =0.839
(214, 83)B4 ~100% a- 0.021% (210,81)T1 Qa=5_ £17 =0.581
b-95.3979% (214, 84)pe Ob=3. 270 =2.729
(214,84)P0 99.979% a- 100% (210,82)Fb Qa=7 834 =0.
(210,81)T1 0.021% b- 100% (210, 82)Fb Qb=5 . 487 =7
(210,82) Pk 100% a-1.7e-6% (206, 80) Ca=3. 752 =7
= =100% (210,83} Qb=0.063 =0.047
{210, 83) B4 =~100% a-1, 3a-d% {206, 81)T1 Qa=5. 043 =0.3058
b= ~100% (210, 84} Po Qb=l . 181 =0,
(210, 84) Pa ~100% a- 100% (2086, 82)ph Qam5 . 408 =0,
(206, 80) 1.7e-6% b- 100% (206,81)T1 gb=1_313 =0.650
(206, 81)T1 1,3a-4% b- 100% (206, 82)Pb =1.5286 =0
(206, 82)pPh 100% stable
to 0.678 with p=7 ga-54 and robability to emit cenv.el,
uug o 0.446 with p=3_1a-2% high e
Up to 0.636 with pa7. fa-2y
Yp to 0.675 with p=7. 94-2%
59.9985% and 0.837 with P=1l.la-3%
Up £o 3.184 with p=0.14%
up to 1.098 with p=0.p1%
Up to 5 MaV but Probabilities aze unknown
95.999% and 0.803 with P=1.0a-3%
Up £o 1.167 with p=g. Sa-2%
(40,19 x b- 89.3% (40,20} Ca Qb =1.312 Eaxmg,
sa= 10.7% (40, 18) Ax Qec=1, 505 =1 451
(60,27)Co b= 100w (60, 28) M1 Qb =2 824 =2.506
(137,55)Ca b= 100% (137,56)ma =1.173 =0.662
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alpha/bata/gamna

elactron capturs

anargy relaass

maximum snergy of excited lavel of daughter nucleus

vary low (and therefors undatermined) probability
more than 99.599%

Q i» more than 3 MaV, high probability for this mcda of dacay
Q is nesr 2 MaV, high probability

Q is near 1 MaV, high probability

high @ but low (<l%) probability, or Q<0.6 MaV



1. All probabilities for alpha and beta modasg of decay, valuas of anargy
salsase, energies of excited nuclear levels and probabilitiss of Eransitiona to
lowar lavels are takan from [2] (it is tha causs of scme diffarencas batwean
fig. 1 and table 1). A1l energias are roundsd to 0.001 Mav and probabilities -
to 0.001%,

2. Dacays of differant nuclidas in natural radicactive chains can be
considared as indepandant becauss aven for 3 nuclidas with the most shore half=-
lives (214-Po - 164 microses, 215-At - 100 microsec and 212-Fo = 0.3 microsec)
the average tims intarval betwean dacays of two Succassive nuclides is far cut
of range when they are considered as ona evant in HEMO detector (1-faw na [31).

3. Halflives £ of axcitad nuclear levels are considared as &qual ts 0; so,
wa have not delay in emission of gammas or/and conversion alactrons orfand e+m-
pairs in cascads of nuclear transitiocns in dasxcitation process. It is azcused

reagons that:
(1} for absecluts majority of lavels valuas t are unknown [2]:
i2) in rare cases when t is known its valus lies in the interval frem 0,73 =1}
to 0.76 ns for nuclides listed in section 3. We have only thres azceptions:
= for lavel 0.662 MaV of 137-Ba craated in bata decay of 137-Cs t=2 5851
min. In NEMO detector bata decay of 137-Ca with enargy 0.511 MaV and
following deexcitation of 0,662 MaV laveal will ba a rad as
Sveants: in this way thay are considersd modal for 137-Cs
dacay;

= for laval 0.266 MaV of 206-T1 created in alpha dacay of 210-Bi t=3 ns
but probability to occupy this lewel in decay of 210-Bi ia equal to
Sa-5k;

= for lavel 1.421 MaV of 234-7 t=331.5 microsec but probability to have the
deexcitation of this lavel after bata decay of 234m-Ps ia lass than
Bm-2%,

4. Angular correlations batwasn gamma quanta in cascada of nuclesar
transitions are not conaidared; so, we have t gammas (orfand e+a-
Fairs or/and conversion elactrons) emitted isctropically in all directions,
Theres are two reascna for this approximation:

(1) theoretical formmlas for probabillty distributicn to have diffarent anglas
batwean two gammas depand on changes in spin and parity of initial and
daughter states of nuclsus and are wall-astablished only in scme cases
(for tramsition 0+ -> 2+ for example) . Wa have much more big varisty of
trangition typas;

(2) information abeout Spin and parity is known not for all lavals, and in thasae
cases we doa't know the type of transition at all,

forbiddan, once~forbiddas-unique, twica-forbidden and so on. Tha axssplas of
bata spactra of diffarent dagres forbiddenness for fuclal with Z=19, 30 and a0
ara shown in fig, 2. We can list tha following reasons to considar all beta
decays as allowed:

(1) differencas in shapes are not so lazge to ses them with tha NEMS detector
with current energy resclution (~16% at 1 MaV);

(2) theorstical formula for shaps is simple only for allowed dacay but
cerrmsponding formulas for forbiddan dacays becoms more and mora
complicated with rise of forbiddanness [4]: tharas &fé ampirical
coefficisnts often in thase formulas what depends cn nuclai and are not
known for all isotopas;

(3) wa know spin and parity not for all excited levels of davghter nucledi
cccupied in beta decay of Parent nuclei and thersfore one can’t determine
the typa of decay in all casas,
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6. Only Farmi correcticn factor to tha shape of SNergy spactrum of bata
particles is takem ints ssscunt, Shapa of snergy spectrum in allowed decay is
determinad by axpression

N (Wb) =Ph*Pa*Nh*Wn+s (2 (HB),

whara the product of two momenta P (of bata particls and nautrine) and two full
enargies W is so called kinematical factor and & describas the influance of
Coulemb slectric fiald of daughter nucleus on emitted charged partisls {alectron
oL poaitron), scresning tha nuclear chazges Ly atomic elsctrons, radiative
correcticons, effects of nonrarc ouclear size and ss on - more than 15
Corrections [5]. Main of them is influance of Coulomb field describad by factor
Farmi F(Z,¥b). Tha sc by tha atomic electrons rasults effactively in the
shift of spactrim cn lass 14 kaV for z Up to 100. Finite nuclear size
affacts also give not big correcticns (£ig. 3). Sa, sur approximation
S(Z,Wb)=F(Z,Wb) seams to ba quite good for NEMn dateactor, For mors datails
about calculation of F(Z,Wb) saa section 6.

7. Fall and Practically axact nuclaar schemas dascribed in [2] - no
approximations or aimplifications - wers used for modals of deacay for all
nuclides dangerous from the point of viaew of Amitating 100-Mo doubla bata dacay
(listed in sectiom 3) axcept 234m-Pa. Thers wars Some Ccases whan sum of
pProbabilities of decay or transiticn to lower lavels was not equal to 1004
axactly. For axamplae, sum of probabilities of bata dacay 214-Bi to 214-Po
axcited levels up to 3,184 MaV is equal to 100.9225% according to [2] instaad
of 100%; sum of probabilitiaes for tranaitions to lowar lavals from lawel 3.70%
MaV of 208-FPb created in 208-T1 bata dacay is aqual to 100.1%. Slight correction
of probabilitiss ware mads in thasa cases to have the 100% sum exactly,

Such approach = witheut simplifications - gives quite sephisticated modals
somatimes:

(1} for bata decay of 208-TL pPossibilitias to ccoupy 14 excited lavels of
208-Fb are taken ints acodunt: in following deaxzcitation process 25
differant gamma quanta can be amitted;

(2) for dacay of 214-Bi 48 lavals of 214=-Po (214-Bl bata dacay), 3 lavels
of 210-T1 (214-Bi I..T.Tb.l dacay) and 105 different gamma quanta are
included in the modal;

(3) for bets dacay of 228-Ac modsl contains 44 axcitad lavels of 228-Th and
166 diffarent gamma g'n.nt-

Only in the case of 234m-Pa some sizmplifications ware mada:

(1) isomeric transition 23d=m-Fa to 234-Pa is not considared (its Probabilicy
is squal 0.13% and schema of 234-Pa furthas dacay to 234-U is not vary
wall datarmined [2]);

(2) decays of 234m-Ps to excited lavels of 234-0T with enargias greater than
1.045 MaV are not considered tpmh-.bil.l.tg is aqual to 0.17%).

So, current decay modal of 234m-Pa dascribes 39.7% of all possibilities that is
not ao bad,

It should be noted that Joint bata-alpha decays wars not considered alsao:
for dacay 212-Bi -> 208-Pb Probability of this type transition is aqual 1.4a-2%,
for 214-Bi ->» 210-Pb - 2.Ba=3%.

8. For sach transition from excited nuclsar laval to cne of lowar levels
possibility of all of thres concurant processes are taken into account in
modals:

(1) to amit gamms quantum;

(2) to amit the conversion alectron instead of gamma;

(3} to emit the alactron-positren Pair; in this case enargy of transitisn suse
ba greater than 1.022 MeV.

Such anm approach allows Automatically to considar the amission not only
¢f cne but of twe or more conversion alactrons and/or e+e- pairs - of coursa,
with corzesponding probabilitias.

9. Coafficiant of conversion of gamma quanta to conversion electrons (i.a.,
number of smitted elactrons to the number of gammas) dapands :

(1) on ana of transition E;

{2) en at € numbar of nucleus Z;

(3) on type of transition (electrical E or magnatic M) and emission

i



multipolarity L;:
(4) on what subshell emitted slectron is balonged.

For Z-80-90 (our region of intersat) a change in tyPe of transition (M instead
of B} increases the conversion coafficiant hg erdar of magnituds; an incresasa
in L by 1 results in rise of ccefficlent by 2-3 times. S0, one must be vary
attentive whan dafining these coafficiants,

It is useful to give soms axamples of concrete cosafficlent valuas for most
frequant types of transition (it is thae sum for all subshalls):

M1 M2 El E2
5 MaV 9. 5.-2 2.8m=1 .Oa=-3 2.6a-2

1.0 l.6a=-2 4. la=2 .3a-3 6.0a=-3

1.5 6.0a-3 1.4a-2 .2e=3 2.8e=3

E=90 E=0.5 MaV 2.Ze-1 6.0m-1 .3e=2 4.3a=-2
1.0 3.5a-2 B.0a=2 .5a-3 1.0a=-2

1.5 1.2a-2 2.8a-2 .Ba=3 4.5a-3

Bl e WS

It should be noted that sometimes (for E0 transition) only smission of
conversion slectron but no gamma is Ellowed,
Foll procedurs was accapted to datermine the slectron conversion
coafficients for all transitions in modals;
(1) t}-s- and multipolarity of transition ware definsd sithas from direct
&

(2) for given Z, E, typa and multipolarity theoretical conversion coafficlant
arminad

(3) exparimeantal valuss [2] known for most intensive transitions ware used to
Sorract the totality of thaoretical valuss when it was oeseded;

(4) in cases when informatiom about 5pin and parity of lavels was absent [2]
minimal possible valus for givan I and E was accapted, L.e., E1 t of
transition was assumed to determing the slectron conversion coafficiant
As an axampla for peint (1), for transition with energy ralease 2,615 Havr

in dacay 208-T1 -> 208-Pb theorstical slactron conversion cosfficient ias aqual
2.4a-3 (E3 typa of transition) [6] and axparimantal wvalue - Ze-3 with
uncertainty la-3 [2].

10. Only conversion from K shell was assumed in all cases (absolutas
majority) when transitiom enargy was sufficient, i.e., when E(transiticn) >
E(b. enargy of K shall alectren). In the same tima full conversisn
coafficiant for all shells (E+L+, +«) [6] was used to caleunlate the Probability
of electron conversion. It is not vary rough simplification bacausa typical
valua of probabllity for conwersion frem L shall is 20% from that of K shall;
for M shall it is still laass,

When transition enecgy was unsuffisient for K conversion, L conversion was
assumed ,

As a rasult of conversion we have always tha conversion slectron with
enargy E(conversion alactron)=E (transition)-E (shell binding) and gamma quantum
with E(shall binding) (but no Auger alactzon) .

11. If anargy released in tranaition is greater 1.022 MaVv @lectron-positron
pair can be smitted instead of gamma quantum. Cosfficient of conversiom to pair
{i.@., number of smitted pairs o tha nusber of gammag) depands on the sama
factors as alsctron coowversion coafficient (ses point 8).

Typical valuas of pair conversion coafficlent for most fraquent types of
transition (dapendance on F iz quites waak) : TP

M1 M2 El B2
E=1.5 MaV 0. %a-4 0.5a=4 0.5a-4 0.3a-4
2.0 2.3a-4 1.da-4 3.6e-4 2. 0w-4
2.5 4.5a-4 2 Ba-4 9. 3a-4 5. 6m=4

Frocedurs used to determine tha pair converaion coafficients for all
transiticns in modsls was the same as for alactron conversion coafficiants
(point §). Graphas from [7] were used as sourca of thacretical values (figures
33 and 54 on page 368 of [7] wers enlarged with this aim), and it was possible
to find in [2] experimantal wvaluas for scma intensive transitions for

iz



cozrection. AS an example of agreemant betwean theoretical and experimental
valuas, for transitiom 2.615 MaV in decay of 208-T1 mentioned in point 9
theoretical pair conversion coefficient [7T] is equal 4.le-4 and experimantal
valua [2] = 4.3a-4 with uncartainty 0.7a=4.

12. Sum of alectron and positron energles in emitted pair is equal ta
E(tranmsition)-1.022 MeV. Currant subrcutine for pair creation assumes that :
(1} &+ and @- have agual enarglias;
{2} they are emitted in the same direction.
Although quitea rough, thesas assumptions have a physical sensa (for mors
datails see section 7).

13. Futurs possible improvemants to dasaription of pair creation and/or

bata dacay will change mainly tha subroutines for simmlation of corrasponding
processes but no the modals of nuclidas dacay.
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3. Modals of decay

T e e e e o o o o o 5 5 e e e

Following informatien ias given for modals:
(1) sisplifications - if thay wars used;
(2) modas of decay (alpha/bata), their probabilitiss and snargy releass;
{3) dascription decay and deaxcitation process;
(4) binding shell energies of alsctron in daughter nuclaus.

Following abbreviations wars ussed:
bata(0.609) - bata particle with maxima]l kingtic anacgy 0.609 Mav:
conv.el. (0.609) - conversion mlectrom with kinetic aneargy 0.609 MaV:
gamma (0, §09) - gamma quantum with anargy 0.609 Mav:

T(1.283: gwl, ce=m§, Sa-3 0.5a-4) - nuclear transition with Snargy realease
1.283 MaV and relative £8 to emit: gamma quantum = l, conwvarsion
alectron = §.5a~-3 and pair = 0.5a-4. Waights ca and p are elesctron and pair
conversion coafficients (sea secticn 2) and probabilities of emission are
aqual:

- for gamms = 1./ (1.+catp) ;

- for conversion electren - ce/(l.+ce+sp);

- for pair = B/ (l.+cetp).
The lina:

0.052% bata(0.511) -> level 4481 kav of Fb20a

means that with probability 0.052% batas particle with maxima]l kinstic energy
0.511 MaV is emitted and lavel 4481 ke¥V of daughtar nucleus ias ococupied aftar
that .

Tha linaes:
lavel 3475 64% T(0.860: gml. cem2. 5e-2 p=0.}) =-> lawvel 2815
36% T(0.277: g=l. caw=). 45 p=0.) =-» ilse

meéans that level 3475 keV has two posaibilities to ba deaxcited:
= with probability 64% - to radiate tha anargy 0.860 MaV (in the fozm of gamma
Or conversion alastron or pair with corrasponding probabilities) and aftar
that level 2615 kaV is cccupied;
= with probability 36% - to emit the anargy 0.277 MaV and after that lavel 3158
kaV is occupled.

Tha arrow to lavel 0 means that deexcitation Process is finished.
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Model of Ed0 dacay
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83.300% betaminus decay to ground laval of Cadd G{beta-)w1l, 312
bata(1.312 with 2 of daughter nucleus = +20) -> lavel 0 kav of Cadl

10.698% alactron captura to lavel 1461 kev of Ardd Q(ac) =1, 505;
T{l.461: g=1. ca=l.0a-5 p=7.08=5) -> lavel 0 kev of Ard4Q

0.001% betaplus dacay to ground lavel of Ard0 Qi{bata+)=0, 483:
bata(0.483 with I of daughtar Aucleus = =18) -> lavel 0 kev of Ardd

Binding anergy of K-shall Ar slectzon = %.003

s
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Hodal of Cofl decay

------ - e o

100% bata dacay to NiG0 Q(bata)=2.824

99.880% bata(0.318) -> laevel 2506 keV of Ni0
0.120% beta(l.491) -> 1333

laval 2506 99.992% T(1.173: g=1l. ca=l,Se-4 ::3,1-—4.] => laval 1333

0.008% T(0.347: g=l. ce=6.5a-3 ) -> 2153
2159 13% T(2.158: g=l. ce=5,5a-5 p=3.5e-4) -> 0
87% T(0.826: g=l. ce=3.3a-4 p=0. ) -> 1333

1333 T(1.333: g=1. ce=l.le-4 p=0.3a-4) -> 0

Binding energy of E-shall Ni slectren = 0.008

e
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Excited level 0.662 MeV of Bal37 has very big half-life (2.551 min) as

with timing in NEMO detactor (l-few ns). So, for HEMO detector beta dacay with
anargy 0.511 MaV and following after that transiticn 0.662 MaV are ragardad as
independant .’

100% beta decay to Balil?y Qi{bata)=l.173

48.613% bata(0.511)
48.613% T(0.662: gwl, ce=1.le-1 p=0.)
2.774% beta(l1.173)

Binding anergy of E-shell Ba electron = 0,037

h
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Modal of T1207 decay

100% beta decay to Fb207 Q(beta)=1.422

0.24% beta(0.524) -> lawal 898 keV of Fh207
99.76% bata(l.422) -> 1]

level 858 59.4% T(0.858: g=l. ce=2.0a-2 pm.) -> lavel [i]
0.6% T(0.328: g=l. ce=2.8a-1 p=0.) -> 570
570 T(0.570: g=1. ce=2.0a-2 p=0.) -> 0

Binding anargy of K-shall Pb alactron = 0. 088

1
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Model of TLZ08 dacay
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100% beta decay ta Ph208 Q(bata)=4,992

0.052% bata(0.511) -» lavel 4481 kaV of Ph208
0.017% bltl{ﬂ',ﬁﬂ!,! -3 4383
0.043% bata(0.634) -» 4358
0.082% bata(0.698) -» 4296
0.220% beta{0.8§12) -> 4180
0.160% bata(0.867) -» 4125
0.007% bata(d.556) -» 3996
3.100% bata(l.031) -> 3961
0.040% bata(1l.046) -» 3948
0.570% beta(1.072) -» 35820
22 . 800% beta(l.283) -» 37089
21.700% beta(l.517) -» 3475
51.179% bata(l.7594) =3 3188
0.030% beta(2.377) -» 2615
lavel 4481 T(l.283: 1. ce=§. 5¢-3 P=0.58=4) -> lavel 3138
4333 T(1.185: g=l., eca=l, 1g4-2 P=0.3a-4) ->» 3198
4358 Sk T(1.744: g=l. ca=4,0a-3 P=l.5a-4) -» 2618
25%  T(i.161: g=l. cae=l,le=-2 B=0.3a-4) -> 31%8
TO0% T(0.883: g=l. cam2, 2g-3 p=0. ) o=> 347
4296 0% T(0.821;: g=l. ce=2, fa-3 p=0, } => 3478
50% T(0.58%9: F=1. ce=§.5¢-2 p=0, - ]
4180 0% T(D.983: g=l. ce=l, 7a-2 =0, ) => 3138
0% T({0.708: g=l. ce=4,0a-2 p=0, ) o=> 3475

4125 T8%  T(0,928: g=l. ce=l.9a-2 p=g. ;-:h 3198

22% T(0.650: g=1. ca=5.0a-2 p=, - 34758

3996 T(1.381: g=1. ca=j . Ja=3 p=0.6a-4) -> 2615
3961 66% T{0.763: g=l. ce=3 . leg-2 p=g. }o=» 3198
2% T(0.486: g=1, ce=2. la-1 p=), } > 3475

32% T(0.253: g=1. ca=6.% -1 p=0, ] == 3709

35486 T(0.749: ge=1. ce=3.5a-2 p=(, ) o-> 3138
3520 S54% T(0.722: gul. ca=1 fe-2 =0, ) == 3198
46% T(0.211: g=l. ca=l, p=0. } => 3709

3709 1.7%  T(1.094: g=l. ce=0.5e-2 p=g, ) =» 2615
96.9% T(0.511: g=l. ce=).1 p=0. } - 3198

1.4% 7(0.233: gu1, ce=0_ 8 p=0, ] == 3475

3475 4% T(0D_ 860: gm1, ca=2.5a-2 pap, } = 2618
36N T(0.277: g=1l. ca=0, 45 p=0. I 3igs

3138 T(0.583: gm1. ca=2, la-2 pap, } o= 2615
2615 T(2.615: g=1. ce=z. 4a-3 P=4_ da-4) -> 0

Binding energy of E-shell Fb electron = 0. 088

1



0.00013% alpha decay te T1206 Qi{alpha)=5, 043
99.93387% beta decay to Po2ll Q(bata) =1.161

alpha: 60% alpha(4.650) => lavel 305 keV of T1206
40% alpha(4.687) -> 266

lavel 305 T(0.305: g=1. oce=3.Se-1 p=0.) -> lavel 0

266 T(0.266: gwl, ce=l.Se-1 p=0.) -> 0

Binding energy of K-shell T1 alactron = 0,086

bata: 100% beta(l.161) -> lavel 0 kaV of Pa210

da
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Modael of P21l dacay

100% bata decay to Bi211 Q(bata)=1.373

.0l% hltt.ﬂl,lﬂﬂ => level 1270 kaV of Bi2ll

]

0.02% bata{0.177) => 1196
0.60% bata(0.264) -> 1109
0.04% beta(0.293) -> 1080
5.30% beta(0.541) =-> g32
0.30% beta(d.607) -> 166
1.80% bata(0.968) -> 405
§1.93% beta(l.373) -> 0

laval 1270 S0% T(1.270: g=1. ce=d.T7a-3 p=). Sa-d) -> lavel 1]

45% T(0.966: g=l. ce=2.3a-2 p=0. ) - 405

5% T(0.504: g=1. ce=3 3a-2 p=0. ) = : TE8

1196 15% T(1.196: g=l. ca=l1l.0a-2 p=0.2a-4) -> L]
12% T(0.429: g=1. ce=l.5a-1 p=0. - 766

Ti% T(0.244: gwl. ce=6.Ta-1 p=0 ) = 51

1109 15.3% T(1.109: g=1. ce=1.2e-2 p=0.la-4) -> 1]
71.3% T(0.705: g=l. ce=3.3%a-1 p=0. ) == 405

3.0 T(0.343: gwl. oce=wl. da-1l p=i y =-> T66

7.9% T(0.2T74: g=1l. ce=5. 0a-1 p=d. } - 832

1.9% T(0.095: g=1. ce=4.0a+d p=0. )} -> 1014

1080 10% T(1.080: g=l. ce=l 3e-2 p=0.la-4) -> 0
13% T(0.675: g=l1. cea=4.3a-2 1 = 405

25% T(0.314: gwl, ca=3. Sa-1 p=0 1 o= TES

52% T(0.244: gml. cea=6.Ta-1 p=0. ) = 832

1014 37% T(1.014: gml. ce=l.Ta=2 p=0. ) == 0
E3% T(0.609: gwl. ce=5.7a-2 p=0. ) => 405

951 T(0.951: gwl. ce=l.Ba=2 p=0. ) => ]
832 65.8% T(0.832: g=l1. ce=2.Be-2 p=0. j o= [}
33.0% T(0.427: gml. ce=l.6a-1 p=0. ) => 405

1.2% T(0.066: g=1. oca=5 3a+d p=0, ) => 766

766 T({0.766: g=l, ce=3. 3a-2 p=0. ] => 4]
40% T({0.405: g=1l. ce=l.0a-1 p=0. ] = 0

Binding enargy of E-shall Bi alectren = 0.091
L-shall = §._016

T
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Modal of Bi212 decay

e - s D O o -

Bata-alpha decay to PL208 is not considered (p=0.014%).

36% alpha decay te T1208 Qialpha)=6§. 207
64% bata decay to Fo2l2 Q(beta) =2, 246

alpha: 1.10% alpha(5.607) -> lavel 453 kea¥ of T1208
0.15% alpha(5.626) -> 473

1.67% alpha(5.769) -> 3zs
€9.88% alpha(6.051) =» 40
27.20% alpr (6.050) -» o
lavel 483 = T(0.493: g=1, ca=2.0a-2 p=0.) => laval 0
94% T(0.453: g=1, ca=0.1i8 p=0.) -» 40
1% T(0.164: gwl, ca=0.75 p=0.) -> 328
473 6B% T(0.474: g=l. ca=0_14 p=0.) -> [}
19% T(0.434: gmwl., ce=0.14 P=0.) -» 40
13% T(0.145: g=1. ce=2.8 p=0.) -> 328
328 29% T(0.328: g=l. oce=0.33 P=0,) -» 0
71% T(0.288: g=1, ce=D.53 p=0.) =» 40
40 T{0.040: g=1., cae=22.55 p=0.) =-» o
Binding snergy of K-shell T1 alactzron = 0.086
L-shell = 0.015
bata: 0.660% bata(D.440) -> lavel 1806 kaV of Pa212
0.027% bata (0.445) => 1301
0.250% bata(0.566) - 1680
1.500% bata (0.625) -> 1621
1.500% bata(D.733) -> 1513
4.400% beta(l.519) -> 727
55.261% bata (2.246) -» [+
lavel 1806 17% T(1.806: g=l. ca=2 6a-2 P=l.7a-4) => lavel 0
B3% T(1.079: g=l. ce=2.0e-2 p=0. } - 727
1801 35% conv.el.(1.708) + gamma (0.093) - o
65% T(1.074: g=1. ce=7.0e-3 p=0. 1 == 727
1680 28% T(1.680: g=l. ca=2, Ba-3 p=l.0a-4) -> /]
T2% T(0.952: gml, oa=q. Sa-2 p=i. 1 => 727
1621 80% T(1.621: g=l. ce=7.0a-3 p=l.2a-4) -> [
20% T(0.853: g=l. ca=4.5e-2 p=0. y - 727
1513 22% T(1,.513: g=l. ce=3 5-3 p=0.Ta=-4) ->» Q
T8% T(0.786: gwl, ca=4,lae-2 p=0. ) == 727
727 TI(0.727: g=1. cea=l, Te-2 p=0. } == [1]

Binding enargy of K-shell Po alectron = 0.093

prl
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100% beta decay to Bi212

5% bata(0.158)
83% beta(0.334)
12% bata(0.573)

laval 415 0.5%
38.0%
1.5%

238

115

Binding esneazgy of

Modal of Ph212 dacay

Q(bata)=0.573

=> leavel 415 keV of Bi212

-
->

T({0.415:
T(0.300:
T(0.177:
T(0.239:

T(0.115:

239
a

g=1.
g=1.
g=1.
g=l,

g=1.

ca=0,24
ca=d, 55
ca=2. 4
ca=l.1

ca=8.0

p=0.)
p=0.)
p=0.)
p=0.)

B=0.)

KE-shall Bi slactron = 0.091

13
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Modal of Bi214 dacay

Bata-alpha decay to PB210 is not considered (p=2, Sa-3%).

0.021% alpha te 71210 @(alpha)=5.§17
59.979% bata to Po2ld Q(bata) =3.270
alpha:

5.9% alpha(5.268) -> lavel 253 kaV of T1210
54.5% alpha(5.448) -> 63
39.6% alpha(5.512) -» 1]
lavel 253 T(0.19 g=l. ca=8.0a-2 p=0.) -> lavel £3

€3 T(0.061 g=1. ce=2.3e-1 0.} -» 0
Binding anergy of K-shall Tl alactron = 0.086
L-shall = 0.015
bata:

0.002% baeta(0.086) -> laval 3184 kaV of Po2ld

0.002% bata(0.127) -> 3143

0.004% beta(0.188) -> 3082

0.023% bata(0.216) -> 3054

0.0059% bata(0.270) ->» 3000

0.015% bata(0.251) =-» 2978

0.023% bata(0.323) -> 2941

0.016% beta(0.348) -> 2922

0.006% beta(0.376) =-» 2854

0.005% bata(0.330) -> 2880

0.003% bata (0.443) -> 2827

0.006% beta(0.484) -> 2786

0.026% baeta(0.500) = 2770

0.410% bata (0.541) -> 2729

0.210% beta(0.551) -> 27189

0.060% bata(0.571) =» 2659

0.120% bata(0.575) - 2655

0.070% beta(0.608) -> 2662

0.020% bata(0.638) -> 2631

0.051% beta(0.725) -» 2545

0.110% beta{Dd.762) -» 2508

0.200% bata(0.764) -» 2508

1.000% bata(0.787) =-» 2483

2.800% bata(0.822) -> 2448

0.018% beta(0.847) -> 2423

0.560% bata (0.377) -> 2293

0.140% beta(l.003) = 2267

0.330% bata(1.081) -> 2209

5.500% beta(l.068) -> 2204

0.880% bata{l.077) =» 2153

0.430% beta(l.122) -> 2148

4.277% beta(l.151) -» 2119

0.140% bata(l.lel) =» 2089

2.500% bata{l.253) -» 2017

1.500% bata(l.255) -» 2011

1.200% beta(l.275) -» 1995

l.600% beta(1.380) =-» 18590

8.150% bata(l.423) -> 1847
17.800% beta(l.505) ->» 1765

0.260% bata(l.527) =-> 1743
17.800% bata (1.540) -> 1730

24



0.960% bata(l.§03)
3.300% bata(l.727)
1.000% bata(l.855)
7.450% bata(l.B32)
0.210% baeta{l.935)
1.000% baeta(2.&61)
17.800% bata(3.270)
lavael 3184
3143
Ingz
054
3000
2979
2341 T
93%
2322
2894
2880
2827
2786
2770
2729 %
93%
27139 0.8%
41.7%
57.5%
2699 L1
5%
2695 27.3%
T2.7%
2662 0.4%
99.6%
2631 5%
95§
2545
2508 58%
42%
2506 2.9%
B7.1%
10.0%
2483 0.2%
20.0%
44.2%

-
-»
-
-3
-
-
-

T(3.
T(3.
T(3.
T(3.
.000:

Ti3

T2

Ti2.
T(2.

T(2.
T(2.
T(2.
(2.
T(2.
T(2.

T(l.
T(0.

T(2
T2
Tl

T2
T(2

T(2.
(2.

T(2.
(2.

T(l.

T(1.
T(l.

T(2.
Til,
Til.

Ti2.
T(1l.
T(1.

184:
143:
082
054:

379:

940
331:

322:
894:
880:
az27:
T86:
770

067:
S64:

.T19:
L110:
L304:

LE89:
.080:

(2.
1.

685
317:

6621
053:

631:
022:

336:

B99:
131:

506:
888:
230:

483:
873:
208:

1661
1543
1415
1378
12785

E09
g=1.
g=1.
g=1.
g=1.
g=1.
g=1.

g=1.
g=1.

g=1.
g=1.
gml.
g=1.
g=1.

g=1.
g=1.

g=1.
gm=i.
g=1,

g=1.
g=1.

g=1.
g=1.

g=l.
g=1.

gul,
g=1,

gwl.,

g=1.
g=1.

gul.
g=1.
g=1.

g=1.
g=1.
g=1.

ca=4.0a-4
ca=d. la=-4
ca=4.2a-4
ca=4. Ja-4
ca=4.5a-4
ca=4.5a=4

ca=4.5a-4
ca=T . 0a-4

ce=4, Se-4
ca=5.0a-4
ca=5.0a-4
ca=5. Oa-4
ca=3 . 0a-4
ca=3.0a-4

caml. la-3
ca=3, 0a-3

ca=6.0a=-4
ca=8, Sa-4
ce=2, ta-2

ca=6.0a-4
ca=]3.5a-2

ca=6.0a-4
ca=].0a-3

ca=6 . Ja=4
ca=9.0a-4

ca=6, Da=4
ca=3. 0a-4

ca=3, Sa-4

ca=9.5a-4
ca=2.2a-3

ca=6 . S5a-4
ca=§.5a-4
ca=l.3a-3

ca=1.4a-3

ca=5.0a-3
ca=2_ 6a-2

5

.Da=4)
.Da=4)
,Qm=4)
Da-4)
Da=4)
LOm=4)

.Om=4)
. Ea=4)

. Da-4)
.3a-4)
3a-4)
.Ja=4)
.3a=4)
+3a-4)

.Da=4)
.Ba=-4)
la=-4)

.3a-d)
-Ba=d4)

.Ja-4)
. Ga-4)

.Oa-4)
. da-4)

. da-4)
. da-4)

.Ba=4)

.Ba=4)
la=4)

. Ga-4)
.Oa=-4)
-da-4)

.da=-4)
.Da-4)
.2a=4)

=» laval o
- a
-» a
- o
= 1]
- 4]
- 1]
- 609
- li]
- 0
- 4]
- Q9
=> ]
-> ]
-» 1861
-2 1765
- o
- €09
- 1415
- i
= 608
- 0
=2 1378
- 0
-> 09
- 0
- E0%
- 609
-> L]
- 1378
- ]
o d 605
=2 1275
- (;
=¥ 609
= 1275



2448

2423

2293

2287

2209
2204

2153

2148

21159

2089

2017

2011

1995

1890

1847

8.2%
4.

1.7%
0.8%
1.5%
2.1%

5.0%
6.9%

i%
96%

27.7Tw
50.5%

0.5%
10.9%
10.0%

48%
2%

0.17%
99.83%

3.3%
52.7%
4.0%

66%
34%

6%
94%

25.5%
T1.9%
1.0%
1.6%

T({1.105: g=1.
T(0.821: gwl.
T(0.753: g=1.
Ti{2.448: g=l.
T(1.838: gml,
T{1.173: g=1.
T{1.070: g=l1.
T(1.032: gui.
T(0.904: g=l.
T(0.786: g=l.
Ti{2.424: g=l1.
T(1.814: g=1.
T-1.293: g=l.
T '..684: g=l1.
T(2.267: 1.
T(1.657: 3:1.
T(0.723: g=l1.
T({1.585: g=l1.
T(2.204: g=l1.
T(1.595: g=1
T(0.826: gwl
T(0.661: g=l,
T(0.543: g=1.
T(0.474: g=1.
T(2.193: gml,
T(1.583: g=l.
T(0.815: g=l.
T(0.649: g=1,
T(2.148: g=l.
T(L.539: g=l.
T(2.118: 1.
T(1.508: 3:1,
T(0.741: g=1,
T(0.703: g=l.
T(0.388: gm=l.
T(1L.479: 1
T(0.711: 3:1
conv.al. (1.523
T(L.408: g=1
T(2.011: g=l1.
T{1.402: g=1.
T{0.633: g=l.
T{1.385: 1.
T{0.720: 3:1.
T{1.890: 1.
T{l.281: 3:1.
T(L.847: g=1.
T(1.238: g=i.
T(0.573;: g=1.
T(0.470: g=l1.

ca=l.
ca=2 .
casl.

ca=3
ca=1,
ca=h .
ca=l.
ca=d,
ca=].
ca=]d .

ca=h,
cas]l .

ca=8,
ca=1,

ca=T,
ca=l.
ca=5,

ca=l.

ca=l.
ca=T .
ca=d
can] .,
ca=l.
ca=l.

caml,
ca=T,
ca=d,
ca=T,

casl,
casl,

ca=d
ca=g,
ca=5,
ca=d .,
cand ,

ca=l,
ca=5,

la-2
Ta=-2
la=2

Ga-4
la-3
Da=3
6a=-3
Ga=-3
S5a-3
Ba=2

Sa-4
Oa=3

Oa-3
2a-3

Ja-4
2a-3
Oa=3

2a-3

Ba-3
Sa-3
da=-2
Oa=2
2a=1
Ga-1

Ba=-3
Ba=3
Oa=2
Oa=2

Oa=-1
3a-3

Sa=3
Oa=-3
Oa=-2
Da=-2
Ga=1

Sa=3
S5a=3

+ gamma (0

casd4

ca=§

ca=l.

.5e=3

ca=§

ceml,
ca=1l.

ca=2.
ca=l.

ca=3,
ca=l.
ca=4.
ca=]l.
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.Da=3

Oa-4

Ga=-3

Ga=3
Ta-2

4a-3
Qa-2

4a-=3
Oa-2
Ja=3
Ga=-1

p=2 . 9a-4)
p=1.0a-4)

p=2.5a=4)
p=0.%a-4)
p=0. }
p=0. )
p=0, ]

p=0.5a-4)
p=0. ]

.083)
p=0.2a-4)

p=2. da-4)
p=0.8a-4)
p=0. ]

p=0.3a-4)
p=0. )

p=2.0a-4)
p=0.5a-4}

P=1.8a-4)
p=0.da-4)
p=0. )
p=0. )
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-
-
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->
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-
-

==
=>

=2
=
-
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-
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=
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-
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-
-
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1378
1661
1730

€09
1275
1378
1415
1543
1661

1378
609
1275
609

609
1275
1378



1765

1743

1730

1661

1543

1415

1378

1275
609

28 .5%
3.5%
2.0%

16.2%
82.1%
1.7%

Ta%
21%

10%
0%

22%
T8N

45%
55%

T{1.765: g=1.
T(1.155: g=1.
T(0.387: g=1.
T(1.134: g=1.
T(1.730: gewil.
T({1.120: g=i.
T(D.455: gmi,
T{lL.661: g=l1.
T{1.052: g=l1.
T(1.543: gwl,.
T(0.934: g=1.
conv.al.(1.323
T(0.806: g=1
T{1.378: g=1.
T(0D.768: g=l.
T(D.665: gml.
T{0.6089: g=l.

cand,
caml,
ca=2,

ca=2

ca=sl.
.da-2
a2

-3a-3
ca=2,

ca=1
ca=l

canl

ca=l.
casl.

Da=-3
la-2
fa=1

.2a=3

Ta=3

fa-2

2a=-3
fa-2

+ gamma (0

caml .

ca=3.
ca=l.

cand .,

la=2

Oa-3
2a=2

Sa-3
la-2

Binding esnargy of E-shall Fo alactzon = 0,083

%

p=1.5a-4) ->
p=0.3a-4) ->
p=0. ) =>
p=0.la-4) ->
.Ba=4) ->
E:g.ll-i! ==
p=0, y =
p=0.6a=4) =>
p=0. y >
p=1.0a-4) =->
p=0. ] >
.083) =
p=0. )} =>
p=0.2a-4) ->
p=0. } =>
p=0. y ->
p=0. ) =>

609
1378
608

605
1273

1]
609
608
609

609
09
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Modal of Fb2l4 dacay

—————— L T L L LT T T T L T T ———

100% bata decay to Bi2id4 Q(beta)=1.024

2.5% bata(0.185) -> lavel 235 keV of BA214

1.0% bata(0.430) -> 234
48.1% bata(0.572) -> 352
42.1% bata(0.729) => 285
£.3% bata(l.024) -> o]

laval 839 25.9% T(0.839: gwl. oce=4.0a-3 p=0.) -> laval O

38.8% T(0.786: g=1l. ce=4.5e-3 p=0.) -> 53

16.0% T(0.580: g=l. ce=8.0e-3 p=0.) -> 259

3.0% T(0.544: guwl. oca=d.O0a-3 p=0.) -> 2958

15.0% T(0.487: g=1. ce=l.8a-2 p=0.) -> as2

1.3% T(0.305: g=l. ce=3.0a-2 p=0.) -> 534

534 14% T(0.534: g=l. ce=b.0e-3 p=0.} -> 0

28% T(0.481: gul. ce=1.8e-2 p=0,) ->» 53

57T% T(0.275: g=1. ce=4.0a-2 p=0.}) -> 259

1% T(0.238: gwl. ce=f.Se-2 p=l.) -> 285

3sz2 T(0.352: g=l. ce=2.la-l p=0.) -> 0

298 Tik T(0.295: g=1. ce=3.5a-1 p=0.) -> 0

29% T(0.242: g=l1l. ce=7.5a-1 p=d.) -> 53

259 98% T(0.258: g=l. ce=5.8e-1 p=0.) -> 0

2% T(0.206: g=1l. ce=H.2le-1l p=0.]) -> 23

53 T(0.0%3: gu=l. ce=d.2e+d pm=0.) -> ]

Binding anargy of K-sall Bi elactroa = 0.051
L-shall 0.016

Ly
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laval 2027
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0
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1
4
0
1
a
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a
0
1
1
0
0
3
5
5
0
2
1]
0
1

0
0
]
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3
]
1

100% beta decay to Th228

20%
-20%
.04n
.23%
L10%
S14%
-1l
-29%
.50%
10%
.50%
.TOR
B0%
-20%
L07Th
20%
0%
-20%
-90%
.50%
a0%
.B0%
. 60%
.00%
LA0%
L10%
.00W
.20%
.10%
.95y
L30%
.23
.14k
20%
.00%
L80%
L00%

2010

1965

bata{0.110)
bata (0.127)
bata(0.172)
bata(0.192)
bata(0.237)
bata(0.244)
bata(0.377)
bata (0.393)
beta(0.413)
bata(0.448)
bata(0.454)
bata (0.491)
bata(0.494)
bata(0.499)
bata (0.530)
bata(D0.598)
bata (0.605)
bats (0.648)
bata(0.887)
bata(0.705)
bata(0.793)
bata(0.910)
bata(0.968)
bata(0.583)
bata(1.014)
bata(1.077)
bata(l.115)
bata(l.121)
bata(1.158)
bata(1.1688)
hitlll.li!}
bata(l.193)
bata(1l.252)
bata(l.618)
bata (1.741)
bata(1.350)
bata(2.079)

v
69%

42%
0w
28%

kL
6T

1545 31.4%

11.0%
1.5%
3L, 4%
12.1w%
1.2%
S.0%
2.0%
4.0%

Modal of Ac228 dacay

e e e

Q(bata)=2, 137

=»> leval 2027 keaV of Th228

-2
=>
-
-
=1
-
=3
-
=1
-
-
-1
->
->
-
-1
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-
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=5
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-
=1
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T(1.509:
T(1.004:

T(1.952:
T{1.823:
T(0.920:

T(1.966:
T(1.307:

T(1.BBT:
T{1.758:
T(1.549:
T({0.975:
T(0.922:
T({0.853:
T(0.791:
T(0.745:
T({0.220:

2010
1365
1945
1500
1893
1780
1744
1724
1689
1683
l6dé
1643
1638
1547
1539
1532
1488
1450
1432
1344
1227
1169
1154
1123
1060
022
1016
878
969
§68
944
875
518
336
187
5a

g=1.
g=1.

g=1.
g=1.
g=1.

g=l.
g=1.

g=1.

ca=ml, Ja-3
ca=3, 0a-3

ca=2 Ga-3
ca=T , Ja=3
ca=0 ., Ta+d

ca=l, Ze-3
ce=1,8a-3

ce=3, 0a=-3
ca=1l. 0a=-2
ca=l. Te=-3
ca=4. Ja-2
ce=d S5e-2
ce=5, 5a-2
ca=6, Sa=-2
ce=T, S5a-2
ca=2.la+l

19

p=0. )
p=0. }

;:11. Ea-4)
-Ta=-4)
p=0. )

p=2,9a-4)
p=2.Ta=-4)

p=1.3a-4)
<dm=q4)
p=0.6a-4)

3

111511

=> laval
-
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-
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->
>

=
-
=2
=>
-
-
-
-
-

368
1022

58
187
1081

58
187
396
9689

1022
1081
1154
1200
1724



1300

1853

1760

1744

1724

1689

1683

1646

1643

1638

1547

153%

1532

Til.
Til.
Til.
Til.
T(0.
T{0.

T{l.
T(l.
T(0.
T{0.
T(0.
T{0.
T(0.
(0.

T(l.
T(l.

TIL.
T(1.
T(L.

T(l.
T(1.
T(1.
T{0.
T(0.

T(l.
.502:

T(1

T(0.

T(1.
T(l.
T(l.
T(l.

T(1.
T(1.
T(0.
(0.
T(0.
T(0.
T{0.

T(l.
T{1l.
T(O.

T(0.

T(l.
Til.
T(0.

T(1.
T(0.
T{0.

T(l.
T(1l.
Til.
TI(0.

T(1.

300:
842:
T12:
504:
a84:
448

835:
T06:
840
824:
B70:
739:
£33:
461:

702:
574:

686
557:
348:

T24:
11
537:
755:
T02:

631:
£66:

625:
496:
287:
165:

588:
459:
677:
624:
555:

420:

315:
247:
675:

210+

638
581:
516:

163:
378:
373:

480:
143:
020;
571:

13s:

g=1.

q-l:
g=1.

g=Ll.
g=1.
gul.

q-l:

g=L.
gul.
g=1.

g=1.
g=1.
g=1.

g=1.
g=l.
g=1.
g=1.

g=1.

ca=3
ca=3
ca=3
ca=l
ca=d
cawl

ca=h
caml
ca=1l
ca=4
ca=§
[ L]
ca=1
ca=2

caml
ca=l

caml.
ca=l,
ca=l .,

ca=3
ca=1

ca=4.

ca=6
ca=9

ca=T
ca=l
ca=T7

ca=l
ca=1
ca=2
ca=2

camd

ca=5,

ca=2
ca=i
casl
cawl
ca=l

ca=]l.

ca=2
=

cas]

ca={,

caml .

ca=2
ca=2
ca=2

ca=l
ca=2
casl
ca=]l

canl

.Da=3
.0a=3
.5a=3
.Ta=3
.3a-3
.fa-2

.0a=-3
.a=2
.0a-1
.Sa=2
da=2
.Ja=1
2a=1
.Ba-1

.da=3
.Ta=3

4a-3
Ta-3
Oa=-3

.Ta=3
Da=2
Da=3
. Ja=2
.Sa-2

.da=3
.Ta=3
.Sa=3

.Sa=3
. Ta=3
2a=3
.Ea=3

.Ta=-3
Oa=3
2a=2
.Ja-3
.Ga=1
.2a-2
.Ba=2

Ba=-2
la-2
.Oa=3
.0a=-3
.Ga=2

Oa=3
Sla=2
2a-2

. Ta=3
2a=2
2a=-2

.Ba=3
.6a=2
Oa=-2
.Sa=1

.Ba=-3

10

1.
=)
p=0.
p=0.

p=0.

3

P=2z.
p=1.

1113

p=0

i

P=1.
p=0.

P=1.
p=0.
p=0.

p=0.
P=l.
p=0.
p=0.
p=0.

p=1l.
p=0.
p=0.

p=0.
p=0.
p=0.
p=0.

p=0.

p=0.
p=1.
Pl

p=0.
p=0.
p=0.

p=0.
;:g.
p=0.

p=0.

Ja-4)
Da=4)
Ba-4)
Sa-4)
)
]

Oa=4)
Da=4)

T i e S

la-4)
Ta-4)

Ga=-4)
Ea=d}
2a-4)

Ta-4)
Za-4)
da-4)
)
)

2a-4)
5--4;

Ba-4)
Sa-4)
2a-4)
la=4)

S5a-4)

Sa=4)
la=4)
}

2a-4)
)
H

Sa-4)
3a-4)
!
]

2a=-4)

102z
1154
1200
1432

58
187

58
1a7
336

58
187
969

1022

58
187
1022

5a
187
396
519

58
187
969

1022
1051
1123
1227

38
396
969
1022
1432

1123

378
1168
1175

58
396
51%
968

356



148%

1450

1432

1344

1227

1200
1175

1163

1154

1123

11
27
45

0.
9.
-

1

14
10
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20
22
]
4
3

1
4
L]
68
12
12
1

6TH
33s

0%
A%
. TR
s
%
1%
L]

9%
9%
9%
.Th
Th
L
0%
0%

]
0%
L ]
2%
0%
3%
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T(0.
{0
T(0.
T(0.
T(0.
TiO.

(0.
T(0.

T(l.
T(0.
T(0.
T(0.
T(0.
T(0

T(l.
Tl
T(0.

T(0.
T(0.
T(0.
264

T(0

T(0.

T(1.
(0.
T(0.825:
.169:

(1.
T(0.
.707:
.204:
T(0.

.178:

T(0

T(0
T{0

T(O

T(0.
T(0.

T(l.
T(0.
T(0.
T(0.
T(0.
T(0.
T(0.

T(1.
T(1.
T(0.
T(0.
T(0.
T(0.
T(0.
T(O.

T{1.
T(l.
T({0.
T(0.
T(0.
T(0.
T(0.

S563:

.509:

441:
378:
357:
100:

399:
314:

054:
458:
481:
32a:

224:

374:

245

4631
410:
341:
308:

258

017:
948:
825:

040:
830:

136:

988:
T96:

110:
840:
772:
645:
200:
146:
o078:

154:
096:
367:
322:
279:
185:
174:
138:

123:
DES:
836
795
T27:
154:
100:

g=1.
g=1.
g=1.

1.
1.
g=1.

g=1.
g=1.

g=1.
g=1.
g=1.
g=l,
g=1.
g=1.

g=1.
gul.
geul.
g=1.
g=1.

gml,

g=1.
g=l.
g=1,
g=1.

g=1.
g=1.
g=1.
g=1.
g=1.

g=1.
g=1.

g=1.
g=1.

g=l.
g=1.
gul.
g=1.

g=1.
gml,
g=l.
g=l,
g=1.
g=1,

g=1.
g=l,
g=1,
g=1.
g=1.
g=1.

g=l.
g=l,

cam5 .
ca=s .
ca=3.
ca=d.
ca=l.
ca=4.

ca=2,
ca=0.

ca=3 .,
ca=d .
camd
camd
ca=1,
ca=l,

ca=l.
camd
camd
ca=8.
ca=l.
ca=]3.
ca=5
ca=5.

ca=3.
ca=m3,
ca=5,
ca=l.

ca=3,
ca=l.
caml
camd,
ca=l,

ca=6.

ca=3
ca=§.

ca=2
ca=l.
caml .
ca=l
ca=d,
ca=1,
cas=2,

canT
ca=2
ca=2,
ca=5,
ca=l.
ca=5.
caml,
ca=4q,

ca=6.
ca=3,
cas=0.
ca=l,
ca=l.
ca={,
ca=3,

Oa=2
Oa=2
ODa-1
Sa=1
Ta+d
Oa+0

Da=2
Ga+d

im=2
im=2
Sa-1
da-2
3a+0
Sa+l

da=-2
Da-2
Ta=2
da-2
2a=-1
Sa-2
Oa=2
Da-2

Sa=3
Ta-3
Q-3
da=-1

Sa-3
Ba-2
Om=1
Om=-2
Ta+d

Oat+l

a3

2a=-3

.9a=3

da-=2
Sa-2

.da=2

Sa-2
Za+0
2a-1

Sa=-3

.Ba=2

Oa=-2
2a=1
Ja+0
4a+l
da+d
Sa+0

Sa=-2
2a=-3
la+0
Sa=2
Da~-2
2a+0
3a-1

Tt T N N

. Ta=4)
.da=4)
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p=0.la-4
p=0.
p=0.
p=0.
p=0.
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p=0.la-4
p=0.la-4

T M i o Rt Nt Rt Tt
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1022
1081
1154
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1432

1091
1178

396
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1163
1227
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187
969
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10981
1123
1189
1175
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3596
519
1175

187
356
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1022
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187
i7a

58
28
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519
969

1022
1051

58
187
83z
875
969
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1016
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187
328
398
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1022



1091

1060

1022

1016

879

963

568

944

873

832

519

398

3Te
328

187
5a

21%
T9%

Tin
134
134

Ti%
27%

19%
47%
16%
18%

L
65%

37.0%
61.8%
1.2%

22%
Ta%

91N
%
(1]

42 . 5%
13.0%
42 . 5%

15%
11%
34N
40%

L1
23%
T3%

90%
10%

7%
27%

ATH
53w

Binding anargy of
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T(0

T(l
T(0
T(0

T(O

T(0.

T(l.
T(0.

T(0
{0

T(O

T(0.

T(0
T0
{0

{0
T(0

T(0
T(O
T(0

T(0
T(0
T(O

T
T(0
(0
(0

.233:
.904:

.o02:
N1i1H
541

964
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Hodal of Pa2lim dacay
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Approximations:

1) isomeric transition Palldm to Pa234 is not considered (p=0.13%
and schama of Fa23d further decay to U234 is not vary wall
datarmined) ;

2) decays of Falliim to excited lavels of U234 with snergles
greatar than 1.045 MaV ars not consideced (pmd, 17%).

100% bata decay to U234 Qi(bata)=2. 287

0.70% bata(l.242) -> laval 1045 keV of U234
0.60% bata(l.477) -> 810
0.02% bata(l.501) => TBE
58.68% bata(2.287) -> o

laval 1045 52,13‘ T{1.001: g=l. ce=1l.0e-2 p=d.}) -> lavel 43

.B0% T(0.258: gwl. ce=5.0a-2 p=),) -> T86

12.00% conv.al.(0.119) + ga=ma(0.116) - 810
0.07% T{0.193: g=l. ce=7. 0e=1 p=0.} =-» 852

as2 56% T(0.852: gwl, ce=l.da-2 p=0.} =-> 0
338 T(0.808: g=l. ce=2.Qe-2 p=0.) -> 43

11% T(0.708: g=l. ce=2. 0a-2 p=0.) -» 143

810 E7% conv.al.(0.694) + gumma(0.116) - 0
33% T(0.TE6: g=l1l. ce=l.Se=2 p=0.) -> 43

786 38% T(0.786: g=1. ce=5.5e-3 p=0.) -> 0
62% T(0.T43: g=l. ce=6.Qe=3 p=0.] ->» 43

143 T(0.100: g=l1. ce=l e+l p=0.) -» 43
43 conv.al. (0.021) + gamma(0.022) -3 a

Binding energy of K-shall U alactron = 0.116
L-shall 0.022
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4. Chack-up of the modal’'s subroutinas

Two ideas proved to ba wveary cseful to write thes subroutinss for dacay
modals:

{1) =small indapandant subroutina nucltrans to sampla what kind of radiation
{gamma or convaraion alectrom or pair) will ba amitted in nuclear
transitiom;

{2) tha use of labals oizl to enargias of axcited leavels of daughter nuclesus.
In such approach subrout a8 for dacay modals becams a simple copy of nuclear
achamas [2], thalr taxt is wvary re and can sasily be chacked.

Only cna subroutina - for 208-T1 - was chacked in additional way: in
straight mannar when prebabilities to occupy different axcited leavels of 208-Fb
and to emit gamea quanta with different anargiess were cobtained after 10 millions
calls of subroutine. Rasults are shown in tabla 2; ona can sea the full
agraamant batwaan simulated and thaoretical valuas.

3y



Table 2. Results of test for subroutine T1208 (10 million ewventa)

1. Probabilitias (%) to cccupy different azcited lavels of 20B8-Fb
anargy of level (ke¥) simulated valus thecretical waluas [2]
1

448 5.0260000a=02 §.2m-2
4383 1.6430000a-02 1.7a=2
4358 4._3060001a-02 4.3e-2
4296 8.1409998a-02 8.2a-2
4180 0.2180500 0.22
4125 0.1602600 0.18
3996 6.9700000a-03 7.0a-3
386l 3.083130 3.1
39486 4.0089998a-02 4.0ma-2
3320 0.5638900 0.57
3709 22.81095 22.8
3475 21.71441 21.7
3138 51.16584 51.2
2615 2,9250000e-02 3.0e=2

2. Probabilities (%) to emit different gamma guanta
energy of g::ll {kaV) aimulated valua thlﬁ:.tiﬂ;l ;llu- [2]
1 S

5.0260000a-02 5.
1185 1.6430000e-02 1.7a-2
1744 2,1400000a-03 2.la-3
1161 1.0730000a=02 1.la-2
883 3.0150000e-02 3.0m-2
821 4.0819995e-02 4.1e-2
589 4.0585999e-02 4.1la=2
583 0.1961800 0.1%8
708 2.1870000a-02 2.2a-2
328 0.1248700 0.125
650 3.5350001e-02 3.5a=2
1381 6.9700000a-03 7.0a-3
763 2._036440 2.05
4886 6.2688997a-02 6.2a-2
253 0.5%40000 0.8
749 4.0089998a-02 4.0m-2
722 0.3061500 0.308
211 0.2637000 0.252
1054 0.4107500 0.41
511 23.36145 23.3
233 0.3370400 0.337
880 14.23362 14.2
277 B.008730 8.0
583 B85.31727 85.3
2818 100.0000 100.0
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5. Soma notas about pravious modals for nuslida dacay

Modals of dacay ware constructed praviously for a faw nuclidas: 208-T1,

212-B4, 214-Bi and 214-Pb. May be it will be useful to make soma comparisen
between old and new modals,

(1)

(2}

3

(4)

(5)

(&)
7

0ld modals ware approximations to "real” nuclear schemas of [2] and took

into account tha dacay branchaes with blg probabilitias oaly. As & casult of

simplificationa and artificial unification of diffaerent branches gazma

quanta with nonaxisting enargissa, or bata particles with nonaxisting Qb,

or nopaxisting combinations of transitions appsared scoatimas, For axaspls,

= modal of 208-T1l accounted for beta decay to B eaxcited leavels of
daughter nucleus and for 15 differeant ouclear tranaiticns (4 of them
had nonstandard enargies differsd from valuas of [2] up to a few tens
of kaV¥);: really 14 lavels and 25 transitions are listed ia [2];

- model of 212-Bi accounted for 9 excited lavals (2 of them ware
nonstandard) and 7 transitions (2 nonstandard); [2] givea us tha list
of 7 lavels and 11 transitions;

- modal of 214-Bi considared 18 lavels (7 nonstandard) and 20
transitions; in [2] we have 48 lavels and 103 transitions (for beta

decay) ;

- MM{ of 214-Fb - 3 lavels and 5 transitions; in [2] wa have 5 lavaela

and 16 transitionsa;
energy was consarved approximately - in different branches of dacay of the
sama nuclide anargy ralease fluctuated:

- for 208-T1 - from 4.889 to 5.017 MaV instead of 4.59%2 [2]:; in ona branch
-ni.u.i.o:; of gamma 2.615 MaV was missed (but corresponding probability is
low = ~0.4%);

= far 212-B1 - from 2.127 to 2.273 lnstead of 2.246 MaV [2]:

= for 214-B1 - from 3.200 to 3.257 instead of 3.270 MaV [2];

valuas of alactron conversion coafficisnt wers taken in old modals from
ancthar scurce than [2] or [6] apparantly. Thara ara quite big diffarances
batwean old and naw coafficients somatimes (for axample 5.7 instaad of 0.75
(exparimantal wvaluas [2]) for transitlon 0.242 HaV in 214-Pb dacay):
scme wvery interssting from the point of wiew of imitating double bata
dacay branchas were cmitted (for axampls emission of bata particle with
Qb=1. 855 MaV and conversion slactron 1.323 MaV with probability 0.22% in
214-Bi dacay):
amission of only ona conversion alectron in cascada of transitions was
accounted previocualy. Haw modals parmit amission of two or mora conversion
alactrona;
ssibility to emit slectron-positron palr instead of gamma was not taken
Lo l:migo:ltlm at all;
anargy spactrum of bata particles was displaced to lowar snergiss (sae
saction 6).
Havarthalass, old modals deascribad the nuclides decay corractly in tha
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6. Improvement on sampling the kinetic anergy of alectrons
emitted in bata dacay

If wa confina cursalvas to considar only allowsd bata dacays (1) and
only the Coulomb fisld corracticma (2) the enezgy spectzum of particlas amittad
in beta dacay can be dsscribad as

H (Eb) =Ph*Po*Nb*Wn*F (Z, Eb) , {1)
whara E/W - kinetic/full enecgy of particls (b - beta particle, n - neutrino),
P = particls’s momentum,
2 - atomic numbar of daughter nucleus,

F(Z,Eb) - factor Fermi accounting for tha nuclear Coulomb potential.
Bacausa of Fb=aqgrt (Eb* (Eb+1.022 MaV) ),
Wh=Eb+0.511 MaV,
PosWn=0b~Eb (Qb - enargy relaasa in bata decay),
ancthar form of (1) ia

M (Eb) =sqrt (Eb* (Eb+1.022) ) * (Eb+0.511) * (Qh-Eh) **2*F (Z, Eb) . (2}
Factor Fermi
F(Z,Eb) =constiph® (24g-2) *exp (piry) * [aba |G (g+iky) } ] ¥*2, {3}
whare g = agrt(l-(alpha®g)**2),
alpha = 1/137.036,
pi = 3,14159...,
¥ = alpha®*Z+*Wh/Fb,
G = gamma function of complex argumant.

In old subroutine bata for simulation of bata particle snergy following
aexprassion for spectrum was used:

N (Eb) =sPn*Wb*Wn . i4)

S0, factor Farmi was not accounted but also momentum Fb was missed.

Diffarances batwean spactrum shapes are shown in fig. 4 for isot for
which modals wars constructed previcusly - 208-T1, 212-Bi, 214-Bi and 214-Fb.
Curve 1 on all pictures is calculated by "old” axprassion PnWbMn, curve 2 -
by FbFoWbMn (corract kinsmatical factor without Coulcmb correctiom), cuzrve 3 -
by PEFnWbWnF. Bata decay can ococur with differant b for these lsctopes, and
valuas of Gb and corresponding probabilities are shown in picturas. All curves
are normalised for area = 1, Factors Pb and F compansate each othar for thesa
puclides to soms axtant but not completely of coursa. As a rasult, account
of both factors PhBF displaces ths spactrum of bata particlas to highar eneargies.

Haw subroutine batal was written to simulate the snargy of bata particlas
in accordance with sxprasssion (1). It allows teo consider not only electrona but
alsc positrons emitted in beta decay (E>0 for a- and Z<0 for &+ F(Z,Eh)
factor) . Subroutine cgamma of CERMlibrary was used to calculats ths gamma
function of complex argument. Bacause of more complicated expressicn new
subroutins batal damands near 10 minutas additicmally (om VAX 6520) as compared
with old subroutins bata to simmlate 100 thousand of bata avents; this time
locks as acceptable. Results of simulation of 10 thousand events ars shown in
£ig. 5 for beta dacay with snergy releass 2.5 MaV but different I of daughtar
aucleus : & - I=0 (no Coulomb fimld), b - Z=+30 (beta- dacay), ¢ - EZ=-30 (bata+
dacay); one can saa the assantial displacemant of anargy spectrum in result of
nuclear field influancea.

2
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7. Currant subroutine for simulation of pair creation

Enargy distribution and angular correlaticn between electron and positron
in amitted in deemxcitation procsss pair depand not only on transition enargy
and atomic number of nucleus but also oo typa of transiticn (electrical or
magnatic) and its multipalarity. Examplas of thaoratical axpressions ona can
find in [8] but quantitatively this process can be described in following way:

(1) if one don’'t consider the effects of Coulcmb fisld, snergy distribution for
a+ is the sams as for a-; distribution has a big width and is symmetrical
about point (E(transition)=-1.022 MaV)/2. Influance of alsctrical fiald of
nucleus on emitted charged particles displaces the spectrum of e+ to larger
and a- - to lass anargias;

(2) angles batwean &+ and &= is small mainly; with increass of I angular
distribution becoma more ilsotropical.

Tha azamples of anargy and ar distributions are shown in fig. &,

Current subroutins for simulaticn of pair craation ia cnly a zaro-
approximation to real daseription of this procass. It assumas that:

(1) a+ and a- have esgual anarglas; .

’I;! Iélu_'.r lnth-lnlht--d in tha "T. dmhutlnn,

Fig. shows t thase assumptions va physical sanasa altho ta o .
We must kesap in mind also that: . g qed ugh

(1) probablility of pair creation la low (up to 8.5a-4 for all tranaiticns

listed in section 3):

(2) typa and smltipolarity of transitions are unknown oftan; sc, ona is
uncertain about what theoretical axprassions hava to ba usad for anargy
and angular distributions.
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{1}

LF3)

(3)

(4)

CORCLUSION

Modals of dscay are created for all 13 auclidas what are considared
currently as dangerous from tha polnt of view to produce background events
to doubls bata dacay of 100-Mo:

decay modals are full and practically axact copy of puclear schemas [2]
taking inte account up to 48 excited lavels of daughter nuclai and up to
166 differant transitions batwesan lavels in dsaxcitation process:

possibilities of all concurant processas - to amit gamma quantum or
conversion elactron or slectron-positrom pair - are taken into account
for all traansitions;

improvemants Are intreduced into tha way of simulation of bata particlas

enargy spectrum accounting for influence of nuclear Couleomb fiald on
amitted alactron oF positron.

Yz



m Wk

REFERENCES

. Ph.Hubert, "Radicpurity of molybdenum®, NEMO Collaboration Meating,

Fiev-Ukraine, 12-17.01,1952, pp. 217-223

. "Tabla of isotopas"”, ad. by C.H.Ladarer and V.8.5hizrlay, T-th ad,, 1578
. F.Laplanche, private communication

. H-i-hﬂnl.r'll'-mlr!-ng. "Elactron radial wave functions and nuclsar bata
98

dacay", Oxford, 1

D.H.Wilkinson, "Evaluaticn of bata-decay. I. The traditional phass spaca
factora”, Wucl., Iastrum. Math, A275(1983%)378-38¢

D.H.Wilkinson, "Evaluation of beta-decay. II. Finite mass and size affacta",
Hucl. Instrum. Maeth. A290(1990)509-51%

- E.Browna, R.B.Firestona, "Tabla of radicactive isctopea"”, ed. by V.5 .5hirley,

1986

- M.Dautch, O.FKofced-Hansen, "Gamma-Rays", in "Exzparimental nuclear physics”,

ed. by E.Segre, v.3, 1959
Graphs on page 368 reproduced tha data of:
M.E.Rose, Fhya. Rev. 76(1949)678
J.C.Jaeger, H.R.Hulma, Froc. Roy. Soc., (Londen) 14B8A(1935)708

. R.Wilson, "Internal pair creation”, in "Experimantal nuclear physica",

sd. by E.Sagre, v.3, 1959

3



