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'lWBtE Of AUW\ .. DIS~ON DERGlES OF THE a&\VY ~s 

Frank 1\.sat'o an4 I. Per l1lrin 
Ra41atiou Laborator'.l and Department · ot Chemistry 

University ·ot Cali:t'Om1a1 Berkeley:~ ca.JJ.foiilia 

Ju.l.y, 1957 

k·. ; . ,. . ·. · •. ·, .· . ,. . . TM.s co.mpUs:ttrin 1s a rev1o;1on of the "Table of Alpha--Dts~tegratio.u 
',. ~- .• ·. '·. :. ',1:' ' '· ·•. . . . . . . . l 
i ·. · '· ,· ' · •·• · Bll:ergt~ ot the Heavy ~ts" published J.n tb1.a Journal in l954. Included 
'.. . . ~ _, . ~ . " :- ' '• ' 

· · ,:~:·: ... ' · :·.: az...~~:Qew Alpha wttere .ana revte:i.Ons ccmcerning those previously listed.. Th-e 

: .. : ·· : .· .. < ; :..;::;·~~ia tar incl;usion in; Table ·U ~f a previ-Ously listed 6.l.pha em1 tter 1s the 
e • • • .. • '- •· ' . • '-.· ~r,. _•:; • ', ; . . - - • - ' 

i: : ·. :.·. ".:. :~··: .·;:~ 1;,-..~bQ.~~ty ot atl41 ti~ 4Bta u~ch wOUld ehanp the. alpha disintegration 

''. , . :::; : . ·f?'.~ay· ·'J;);y rtiOr~'~ til~ 1 kev from that ~1st~ 1n 'ls,ible I •1 Polonium .. 2J.1 ( o. 52 's~c) 
,' · -~ ,···.· .. :;':~i~.~~ti.bp;t not· th~ ~5-$·ec isomer becs'l,lSe 1t is now certain that the alpha 

, .. · ·<· _;· ··.(.~:~~··be!longing to the. 0 • .)2···sec nuclide represents t:~e transition between ground.· 
~- ."-. ~::O:'v;;;;~·, • :--~. ~ ·. -. ' 

.<· . ;; ; sta~s.. . · .. 

. '' ~ f;.t{ ,, : . , . . ibe onl,y ret.erenceo g1 ven will be those rele'Vallt to. the energy deter--
-.. ., " ' . 

' ~. ·.:/:'.~wmt~s,. ·fb.e deca: ~r~es are the ~-valut~s f~ the alpha transitions and 

r, . • · ... • •· .:; . ~i\k :~· tr~at~~ into mBS9 dit.ferenees by ~<::J.Uding the atomic ·mass Of tie lj.. 
•·.• ~ • ..,. •• ·· •. • r7 · · 

', o;. 

:,·; . ·• :.~~ir< . COLilm l 

·: '>_,: -_., .·. Thi·s >COl.umti tndicates the alpha emitter and ita product. as well as the 
. " . ,, . . . ~ . . : 

.<;:i~t~life Wbie~· is fJiven ·$0l~Y· tor purposes ot ~er 14entif1cat1on. 'rheae 
f. ! •, ·.·•' .• r- •. ~.· L - - . • • " ~ . • . · · ·. ··:~··-·,t'~ m$a.slirEHi ,halt'~llvq'a and not the partial til.pha· ... clecay hslt·livea far thO$e 

'. ' ·. ·,,. ... ~:~··' . . . . ~ . . , ' . . . . . . . . 

. ; . ·: ·;q1Jse.s .'~ which· there :Ln· ~e t.tw..n. one m:>de of decay •. Si~ce this table is not . 

· :i~:,:~~ '~~~U?n. of· gen~a; i:le~.4~Y ·PX'Opertiea ~ no references: m:'e g1 ven for the 
• ,., ; .· ,~ j: • !' -t e i. ' · - • • .' • : ' ' 

'"ibalt,..;U.-v"i!G ¢ited. 
'.•:" .· 

. -~ ~. .. /. 

. ·/ .. •' "_ ...... COLUMBS 2 ADD 3 

::. · : In a large f:ra<:t1o~. of the ·cases the "hi..ghest .. -.en,ergy fi;l'OUP" of col'Umll. 

· · .;,;3:;·~~ ·,1rtth9r known to ~:·tim~ :ot the ·ground· state ·transit:t¢n er is assumed to 

> ~ .·~ :tR· .the· ~sence of infonaation regarding a .etiw,plex .spectrum tor the pur• 

>~~· ~t ieaJ.<::ul.St$.11S 'tOO disintegration energy of column 2. The Q values,. 

.\llll&S$ : c·itb.arr~is:e stated under n comments," ·.~ere caleul~tea. by adding to the 

.· ~n&rgy at eolumn e the~ reco.U eri~gy, 4E/(A-4),. vhere E 1s the alpha-particl;e ·.:: ~--r~ and A 1s the mass n~ber of ·the entitter. ~e " values i.rere rounded Off 

·to v.al'ijefl consistent with tl1.e precision of the energy ~surementa. 
. . r . 

·' 

•' 
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'tJClU. ... 3745 

!he abeence of a. notation under· ".1ntens1 ty" r..ooans that no higb .. 

· · :"-::~resolution itls:~t .h'-'Ls b~b. used to obtain evidellce ·.on complex structure . 
. > -~·- '~'se .the entry. indl~~S 'the ihtensity ·Of the GrOuP be.Lievi!d to repre~ 

· ·sent ~ ground-state· tra.nsitioo. · The design~tion ";;.#1001
' means tnat careful 

··. · .. :. '~~l;l bias been :made for a'"'~ {!.TO~S and either· none be.s been found or that 
. :··._-: ~~- ~teu$t tiGF) of· l.ow~-,~rSY groups ~e low.. . . , 

. - ~ . .. . . ' 

~ • ""::~};: ·..,-, ~~. 1' : ;.• 

:.: .. ~ : ? . .. . . (.' :· ·, :.c. . 'Rhis c~iumn ref~$ tO the root.b.Qd of. ener'gy determination. 

· · ... ~~~ ;(:h: iomzat:ton :eb$1ber caupl.«<, ~dth some form"'l of pul.se-Mi~t a.nal.yzel'. 
•' ;, : . 

· > r.ail~ air: Ii~ge det,ermnation. ~ air • 
.. -;- ~- . 

>· . 
. . ··:tJ~t: .. -:,_. . . ,, . 

. ,._ . 
. · ... 

• • ·,··fl ·: 

. ' ·' 
. .References. are -~ven .for ~ .. energy ~euremeut:s sel:ected • 

··' . 
~· :· ># ''·, .... 

' ~-

·' '~ .. 

· · .. '· ·J.s~p~ es$igmnents .a.eeording to tbe:t'ol.lowinG code: .. 
. .... : ,• ' ..... . . 

. ··. :, , . ·, :, ,: ·•· A lUentent and· mass n~· eertelti; 
. . :B . ·~nt certa1n and mass number probable; ·: •_:: 

.•• •''• . .J.,·.:. f. • 

. .':' . "(' 

Q Ji;lemen~. probable· and trass nUlnber -certain or probable; 

D :mement certain and mass number nQt ,:,ell established • 

. !l'l:ie ~om:aen.ts .in thia <;:olumn for the .most p&.rt reinforce the rleeision 

· · . ·en. the ::d.~y energy. . 

'·. 

·:wsutflc.i~tit ev1cten~e to know ~r or not 1be alpha energy 

. measured .is tbai.of' the gro:und .. atate transition. 

IIE(•e;.; :l!lo dir:ect. eyidenoe; but. siuce the nucle~ ts. of the even..-even type 

it ,can ile as~umed that the measttred eBerg;j• i€0 that. of tb,e g1'ound

ste1ie transit-ion. 
I 
I I 
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-- i"lds de:s1:Gfl~~iC?n- $.nd.ieate$ that coincidences llav~ been observed 

between ~tha. particles and ~ rays. (or :¢onvers1on electrons)- . 
• • • - • ~ • .-. ' • t : 

"w1ch show_ some <!oUt>~ tha't the htgllest-euergy alpha ~oup i.s the . . . . . . .. . . 

grouncl-st.~:te tpansition.- \'Jhere .the evidence 'is no_t suff'ic.ieUtly 

-definite _to deduce a dcecsy en-ergy based on .anything other tilan th,e 

bigb.est...e~~gy -!;d~ GrOup# tnis is reflected by th-e values in 
eolut.n"J.s 2 and 3. ctu'£er1tJG only by tl:le recall energy. Where the 

_ 'evidence 'its_- e11!ft',1e1ently definite to deduce the dec-ay ener&J', it 
- Will be ~ound ~t Columns 2 and 3 <l'U'ter by .more than tlle recoil 

ener.s;v • ,-_ 

_,-

1-



: • • • ~. • < • ~ • ~ ' •• 
"..:::, 

. ·'c Table II • 

-s'E~ergy int.ensi~ = iethOd Energy = I dent- Comments 
group measured ('It) .. ref. 1f'icat1on 
. (Mev) 

' 

4~915 ion "Ch 2 A 
1+.97 ion ch 2a 

6~611 .. 82.6 spect 2b 
6~·620 sp~t.. 3 

6.Q40 speet 4 D ins evid 

5·915 -~-~· ~;;y.y:...; • . ' apect 4 D e--e 

5.$1a6 spect ll· B ins ev1d 
~h·84 ion ch 4a. 

;.m ~peet 4 B · e-e 

5•E?1l spect 4 ·a ins ev1d 
5:·70 .ion ch 4b 

s-.575 speet 1~ B e-e 
].60 ion cb 5 
5~6l. ,~!4·G:. 1cm. cb. 6 
5:~59-. too ch "7 

5·370 spect 
"'· 

B e•e 
;·,-37 { . ion ch 7 

• < ....•. , 
'•. 

7,.1tJi.2. { :Ji~.~: s})ect 8 A 1, ....... 

7;434 -~~ .. 
r&n$e lair 9 :•. 

Sa35. .... 100 speet ll ·. A ins evid 
e.:336 1on eh ~Jfj. 

1·360 -100 spect 2b A 

1·365 rar1ge air 9 
1.3e3 _,. spect l~ 

5~64.2 .... J.oo speet 14,15 B ins evid 
5.6; ion ch 17 

5 .. 752 

. 7•18 1-·-05 ...0100 apect 18 A 
' 

1~9~ ton eh 13 
7·00 ion ch 19 

.6.41 6.28 ion eh 5 D e•e 

6.2.5 ion ch 5 ·) e-e _. 
6.25 ion eh 0 

6.37. 

6.12 ion ch 
F 15 B' ins evid 

6.09 ion·cb 6 



:~~~;-~: ·.~: ; ._ ~ ·, 
.. · . 

Adopted 
q.]Mev)· 

. ]··--~.1- ·_ ,.;·., \~-~~_,)'.-·_.-' ·, f ,( ~-. 

: 5·900 

. 4.900 

. l:f34' *J!Q2:31 , •• 63 

. ~~~9~~~4 
. 4. 267 

. 6.141 ... 

6.0,37 

:6.2:64 ... 
.. 
-6.G 

-6~"813 
6.007 

'6 .-l+u· .. ' ., . 

63'"'2' 6:3¢· .· 
. . 

(!._3· 4 : 
. .. J.~.-. . 

. -.. ,~,86·{ . . 
_;.860 

6.;l?l.· 

··s· .. $8 
5.80 

' . 
6~.33()' 

6.·036 ... 
. 6.030 

J~.007 . 
'·lJ.c .. 006 

- 5.049 
.. 5.0IJ6 
'5 ... ·042 

:i-~884 

4 ... 616 
. ;4.823 

4 .. 768 
4.'768.· 
4.763 
4~552. 
4.58 ., 

4.195 

---100 

'-

37 

84 

6'{.2 

83.5 

7 

Ident· Cow~nts 
1.ficat1on · 

s_pect 2() 

spect ~ 20 B ins evid 

spect GO A 

apect 20 A 

ion ell · 21 A inG evid 

:mj>ect 2'b 
spec't alb 

~pent 20 A in$ evid 

speet 18 A 
ion ch 13,21$ 

ra.nge 2.'2 A · ·iris evid 
entuls 

spec:t 2b A 
spect 2Ga 

sp~ct 23 A 

s~t ·zl~ 
ion cb 2la,.l3 

·spect 23 .A 

$pect 2b A 
s~t 228 

1-on ell 2.5 A 
range 26 
emuls 

-spect. '2(' A 
spect z8 
Gpec·t Z9 
S~'t 23 A 

spect 30 A 
iOn ch 13 
spect 27 A 
ion eh 25 
ion ch Jl. 
spect 2b A 
.ion ch 3la 
ion cb. Z5 



A40pted 
~.rq; (Mev) 

.; 

"< 

.). .. ;. 

:~~~~~· · .. ' 5;46 
:--::,~.;;."3. ' · ... 

. .. . -. .,. ~~ ''":;' 

.. ·:. 
'' 

~21i6_
1

~>·; ·~.~&lti~ . 1. l. 

v~ 4,; 7~05;i/':U : · ;... ~ 
1Bk~"~;:-~40 ' 6.18 

lh35.b ... 
·Bkil~~~~i4l ·6.1}8 

4.95 4~-~ 
. •, 

•- I 

$i0q' 

·4.866. 
' 4.872 

6.30 

' '5.'763 

':$ .• ;65 . 

s· . .-~49.5 
,;·~'li~J. 

5'.147 
. !hl~7 
. ':l-lf50 

:s .•. l59 
·!hl62 

5~·T; 

.· :5.53.5 . 
·5·~41 '' 

'5·33'9 

' 6.'58 
'·9~50··. 

6.;27 
'6··.-..::: 
· .... "'·"' 
s·.·95 
6,·003 
s-:rn 

·.5.~ 4:;:·. 
5·":36 
·; •. 4 , . 

·. s·:373 
5.:31 
5;3~ 
s·.~ .. 
. . ··' 

~~~ 

5.Q~~~ 

. 6;-67 

6.37 
6..35 
·~--33 ... 

... 

l' :spect 
100 en 
t:on ch 

72 .Speet 
spect 

72.5 spect 
~peat 

·.sp¢c~· 

T):• 5 · spect 
~pect 

ion cb 

0.4~ s.pect 
spect 

0 .• 17 spect 

ian ell 
i:ou cb· 

10D ell 
ion .ch 

.ion ch 

1 .spec-i 
78 spect 

-10 l.on ch 
....Sz 1-on ch 

'10ll''Cb 

ion ch 
1cm ch 
ion ch . 
:Lon .en 
ton ch 

ion· ch<' 

33 1.01.1 00 
ion cl~ 
ioo ch 

d.on ch 
/ 

&lergy 
.ref. 

32 

34 
35 
36 

37 

36 

38 
27 
27 
39 
~ 

30 
4()· 

41 

41 
45 

'· 46 

47 
46 

40 
48 

50 
.51 
52 

'53 
50 
5l~o 

~z 

53 

55 

56 
55 
57 

. 55 

Iden't• Co1liilellts 
1f1eatian 

A 

A 

A· 

A isomeric: stat-e 
leas. tbl)..n l ltev 

. 3&,b 

A 

A ins ev1d 

A 

{~9) 

5l·r(48) 

A a .... ,e 

A e-e 
n i:nsevid 

A. ina evid 



le$C't1ou 
... :.,;.. 

¥_: ~ I ·:., i · .._(If · -~· t 

,• •'1' 

·' ""· - - - ~: .· - ~ . ' .~-. ·. . ... _,- .. 

. 7,.29 

7·Z3 

' . ·, 

cf.&S!...> \1tu21ta . 6 .. m 
. : . ~·~ ~-~·1·~ 'r.. _· ; . . . 

. /" :•. ~- . .. ,._·:· .... '-

' l . ,, .· 

.... 

1·55 

7.QO 

7.16 

.. 5.110 
. ; .• 4 
5.4 .· 

1·11 . 

7.ll 
7 . .;15 
6.19 
_6~19' 

6 .• 024 
. 6.025 

6.0'33 
6~·05 
6 .• ,03 .. 

6.112 
6~U9· 
6.U1·. 
6.15 
6~''12 

... ·. 
1'·:3 .. 

6.42 
6,..lt4. 

i~4:f' 
1·1 
6.89 

7,~05· 
7:.o~·· 

i' 
6.94' 
6.65 

... ·. 

i_': A· ,··· .. 

84 .. 5 

.90.2 

iQn ch 
1on ch 
1.on cb 

ion ch 

.ion.cb. 
ion ch 
1on ch 
ion ch 

speet 
ion 'ch 
ion eh 
.ion cb 
ion .ch 
spect . 
·ion ch 
ion ch 
ion eb. 
ion c:h . 

ion l:th 

~OD c.b 

iQn. .ob 

10):1 ~ 
: 

ion ·qh 

spect 
ion ~b 
ion ell. 
ion ch 

ion cb 
ion eh 

ion ch 
ion cb 

ton <;th 

;ton ch 
101l ch 

1on ch .. 

1Qn cb 

I f 

55 
59 
60 

61 

6l 
62 
63 . 
61~ 

66 
.66a 
65 
67 
59 
66 
66e. 

. .. 65 
·.:·.: 67 , .. 

. . ·-... 59. 
.., 
. .t'O 

' . :-'l)U 
...... 

. : , .. _; 72 .. , : . 
. 
., 

,. 73' .. 
,. 

'73 "·· 
.1·.· ·,. 
;. 

, . 73' 
.... . 

74 
75 
67 
76 

75 
77 
78 
79 
'78 

·ra 
eo 
81 
80 

!dent.. Commen;; . 
:Lt~tt6n: 

A 

A· 

A 
... 

... 
:.•• 

· ··.·ina ev1d 

. . ins evid ·. '/ .. · 

B 

A 

.. '· 

A Uif> evid 

,.·. 

:a e ... e 

B l.n~ evid 

:e e-e 

... 

B ins evid 



• ' • ~ 4 

.. Adopted 
· ~ (Mev) 

" ·- t' · · a-',' t" :r- ,_! · :. · ·,· -c ·~ · , "- • !l 

"' .· 

-~'2:..:>:"·~~2~. ·~· 1·2 
. . •''2'l.o·5 h . . . . .. 
•. ' . • ·••· • 1 

••· ..-.. ~ /!<.. . 

.:. : ~' :._-
· .... 

>· _-;.: \.' .· . , . 
. ; ..... 

lligttest-energy Intensity Method 
.grotqJ ti<!&S~d {~) 

_ ·o~rl · .. 
1··20 
7.€J? .. 
7/17 .. 

1··-/i>B· 
7~1' ·. 

ion ch 
ion ch 
ion ch 

ioa eb. 
ion cll 

Energy Ident"' 
ret. tUlea.ti<)n 

75 A 
82 
76 
15 B 
82 

.. : ~ 1.~;: · F~~ -~-an(~. Perlman;, ·Revs~ Mod. Pbys. £§7 456 (1954) • 

. · ... e.~ ·1Jk:'·:a.C:t.evy · ari<l x .• ferlin.t.n·;; .J'h;rs; ~v. 2!, 15~ (19~4) •. 

. , ie:.>·.~j\~.ft9.U1;; €hlzt. •. chim. ital ... ;§!h 658 :(1954); Chem .. Al.1str. 49-12983 f (1955). 

: ~'b~··:: :R·~ .. :c·.' lr1l4ero.;· Ph.D. thesi.s~ University of California (195'7). 

··~·;· ~3: ·_:· n/:a. ·iJr~~,··aevs. ltoa •. rbYs .. !€, 1 (1954). . 

Comments 

ins evid 

...... _: m~~_1s" a ~compilatiOn ·Of the -best values for the ener~ie& Of natural alpha particles .. 

. ·: 4 •. :s>.~o:senbluin ~d JJ. rjzyren..,· c~t. ,rendc. ~ 1zo5 · (195'•). . 

:' ~. ·. ~ :~tlthor,s (aee. reference ·4o) as.signedihe 5.84 Mev St-oup to Po199. From the work o£ 
' .· · ......... :. ; . . . . .. :4 . . . zoo . . !, 

· .t · · ·' ;no-s-enb.l'W'Il and ·Ttren' an a.-ssigrunent tq Po is more ~easona'Qle • 

.. · ·.~~··. ~e.r* Oh1orso, sn<l T~leton; Phys. R~. §1, 390 (1951)' • 
.->:·: ··~ .. '·~,A:··, \'1,. '8.toner ·~a E. K-. Hyde;. J'~l ot Inorganic and «ue~ear Chemistry (In press-1957). 

<.· ::6.:: .. \1!~;:$ . .-~;Burcbam.,. Proc~. Phys. aoe •.. A..6J, 555 (2.954). . 

: .~ ·1.·' D./G. ·K~rak$' snd D •. H .• ~~ll:fPl.eton, Pbya. Rev. '61) 5~0 (19$1) • 

. _.>:.,~~:· -:$i::R~~enblum:, Compt •. rend. •w, 846 (1931). 

· .-: < :1h..~. ·~rJt :.as :ealc\llated. bt :Brigas; ~ee :reference J .. 
·; .. ·:g; .··VI~.':·-~~ L-etd.:S and ·B. V. ·:SOV.den, ProC. ·.Roy. SOC. (.LondQn) JU4), 235 (1934) • 

. (S~iz-es . ~ ·resul, 1s of ~ious 1n:vesti-gators. ~e values "tere recaleul~ted 
· . : ~ ... a~~t>~Mng to. reference 10).. . . .. 

. · · .. ·: . . · .· . . . · ; . · · . ; .. . . . Summarizes work of various 
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