
------------------- .. 

. . ,' ; ~ -

• 1' 40·<'.l'.."iHU 
. . . 

:·. '.ier.t~:.r.1.:a,,_"'''li~·:r:.~rJH .. ~t'-~:!, 

. . 

Nuclei Formed in Fission: Decay Cliaracter·:.-,tics, 
·Fission Yields, and Chain Rela.tionships . . ~ . ,-. 

IssuEo B'>;" TH.E PLUTONIUM PROJECT1 

Introduction 
In the year that elapsed between the announce

ment of the discovery of fission by Hahn and 
Strassmann (H2) and the publication· of the first 
review article by Turner (T4) about 50 radioactive 
fission products had been discovered and partly 
identified. Continued interest in the fission prod· 
ucts is shown by the large number of entries on 
fission product nuclei in the most recent edition 
of Seaborg's Table of Isotopes (S19). · 

The achievement of self-sustaining fission chain· 
reactors and the operation of these at an indus· 
trial level (5150) have increased greatly the scien· 
tific significance of exact information on fission 
products, and given unique technological impor· 
tance to this class of radioactive nuclei. It is ob
vious that a great deal of work on the identifica• 
tion, decay energies, chain relationships, fission 
yields, and mass assignments was required of re
search groups associated with the Plutonium Pro~
ect. Studies have been made directly or indt· · 
rectly on nearly all of the 160 radioactive fission 
products now recognized, and much of this work 
represents new contribution to scientific knowl
edge. This article presents in tabular form the re· 
1ult1 of a comprehensive survey of Project reports 
and scientific Journals available as of ] une 1, 1946. 

(I) 1'1111 tarff7 _, prw.-.d ~ J, M. l!kpl, llued pvllJ' OD 
prtnou - dmllaUd OD tM Plt1toal11a Project pnpand b, 
Coryell (Cll6), Cor1ell aad BradJ' (CllO), Brad1 aad 1\artnlcla 
(Bl~). Wlmber1 aad ISuprmaa (Wl:ll), Oleadeala, llMl;el, aad 
Cor1ell (OHO). a8d S.bor1 aad ICob-a (8149) IMwcl oa tM H• 
c1 .. 111ed s-al tabl• ol S..bors (819), c.tala nl_..... (Olf.O, 
T101) IMln .,.._ mede aYllJIDWe tllrotlP _...,.of tlae Nalloul 
a .... rdl CoudJ of Cuada. Reprlau of tllil IVY.,. _, be obo 
talaed bJ' wrltla1: Platoal•• Project Pili, Tiit American Clllmlcal 
8acMtJ', 1111 lltla et., Wulllqtoa fJ, D. C. 

Publication of Project Information 
The scientific contributions of the workers on 

the Plutonium Project to this and other fields of· 
scientific knowledge are to be published in a series · 
of volumes, many of which will be unrestricted in 
circulation, to be known as the Plutonium Project 
Record (PPR) of the Manhattan Project Techni
cal Series (MPTS). · In particular, detailed sur
veys of the nuclear properties of the fission iso
topes, the techniques of radiochemistry, and the 
seecial chemistry of the fission elements are to be 
given by various Project specialists in Volume 9A 
of the Plutonium Project Record, Radiochemis
try and thl Fission Products. The detailed ex
perimt'.ub1 work is to be given in the associated 
Volume 9B, Collecttd Papers on Radiochemistry 
and the Fission Products, based on material now 
available only in the manifold Sl'Cret r<'ports of 
various sections of the Project. 

The preparation of theae two volumes for pub
lication is a tremendous task since it includes ex
tensive compilation, rewriting, and cross-com
parison with other PPR volumes. Since this 
work can hardly be completed before the spring 
of 1947, it bas been deemed advisable to make 
the key information on the fission product nu· 
clei available in advance of the main body of 
information. 

A fair distribution of credit to workers of the 
Project preaents a problem for this type of publi· 

. cation since a large number of people in different 
subdivisions of the Project have made direct con
tributions of data for the table. Many more have 
contributed indirectly in physical and chemical 
1tudie1 that made the work significant or even 
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J>OS:lible. It is not feasibl~;'liolivever, tn thi~ iittti~· ·The Value· of the fission yield of the nucleus in 
1ted framework to indicate the)ndirect contri~I:percentage for U'11 is given in col~mn six .• It is 
butions to the extent that will occur in the PPR;:~; defined as the percentage of the fissions leading to , 
In giving references, it seems advisable to follow,) the· nucleus in question by direct formation and 
the pattern of a not'll'al survey article, i. e.; to'·· decay of precursors. Most of the values were de· 

· list all results that present a contribution to the ·· termined relative to the value of 6.1 % for 12.&t 
body of information, citing the names of those who <' Ba 140 based on direct fission counting (Fl08). 
carried out this work and the Project report in , Older fission yield values have been normalized 
which it is described most completely;;· In addi· ·. to this value for Ba140• The majority of the fission 
tion to giving references to Pro3ect reports, some ' yield determinations were made on· natural ura
ref erences to the PPR papers are included._ , .. , . . :. nium irradiated with pile neutrons .. ·In . a .few 

• . . . cases, designated by the symbol (t), irradiations 
Descnption of Table I, Characterl_stics . were made in a column containing neutrons in 

In preparing the p:c:sent survey an attempt was ~he"?a~ equilibrium at .room temperature; such 
made to evaluate critically the results of various irradiations gave essentially the same values. A 
!n vestigators P.ublished. in the open. literature and~. j ~ssion yield is givel?- only ~or the nut'1eus for w~ch 
m the Plutonium Pro3ect reports. ·~.The values ... it has been determined; 1n most ct··:..& the fission 
given in Table I (pp. 2416-36) are listed in order o( }'ield will not be appreciably.greater for succeed
preference. Column one gives the atomic number mg members of the decay cham (G147). 
and mass number of the nucleus .. ·. Parentheses , The fission yields of the delayed neutron emit
around the mass number indicate the mass assign- ters Kr<rn, Xe{ un, and the last four nuclei listed in 
ment is uncertain, and an asterisk (•). denotes Table I have not been determined directly. The 
that the nucleus is in a metastable excited state, values in column six represent therefore the per
decaying by isomeric transition. centage of the fission neutrons emitted by the nu-

The half-life is listed in column two with the cleus in question, ns indicated in the table. These 
following abbreviations; "s" for seconds, "m" for data can be transformed to the percentage fiasion 
minutes, "h" for hours, "d" for days, and "y" for >:iel<l of the nt!utron-decay process by multiplica
years. In some cases an upper or lower limit to the bon by the value for,, the number of neutrons per 
half-life has been established for a nucleus whose fission. .The value of ' is given as 1-3 in the 
radiations have not been directly observed. Half- Smyth report (5150). . . 
life values were selected on the basis of initial The energy values of both nuclear beta spectra 
purity of the· activity and the number of half- andconversionelectronsarelistedincolumnseven. 
lives over which the intensity was measured, tak- Only the maximum 'energy of a nuclear beta 
ing into consideration the estimated precision spectrum is given, and in cases where only Kono
of individual measurements. .· .. pinski-Uhlenbeck extrapolated values (KS) are 

Column three gives the mode of decay and the reported they are designated "(K.U.)." In each 
type of radiations emitted. The following sym- case the value is followed by o. description of the 
bola are used: fj- for negative electrons emitted method employed in its determination using the 
from the nucleus, 'Y for gamma rays, e- for in· . following abbreviations: 
temal-conversion electrons, n for neutrons, and Spect. •magnetic spectrometer or 1pectroiraph 
"I.T." for isomeric transition. In the cases in studies, 
which it has been established that the nucleui> A!-;s.A!, P. - absorption of the particl~ In aluminum 
emits little or no gam!.:ia radiation, this fact is (range e·n.tuated accordins to th~ method of Feather (F4,F6,F6)), 
stated explicitly in column eight. Abs.Al • absorption of the particles in aiumJnum 

Column four ref crs to the investigators who (ran,e estimated visually or from the 
first isolated and identified the nucleus aa a fission half-thlckneu), 
product. }J. it was not always possible to estab- Abs.Al, colnc. • •=on in aluminum of ,_., colncl-
lisb absolute priority, the references serve mainly Cl.Ch. •cloud chamber studl:s. 
aa a guide for tl approximate date of discovery The selection of values for the maximum energy 
of each fission product nucleus. · of a beta tpeetrum or the energy of conversion 

The "class" of a nucleus, given in column five, electrons is based primarily on the method used 
refers to the degree of certainty in the atomic in their detcnninu.tion •. The various methods 
numbc:r and mass assignment. The cJusffCs are to employed are given pref~ence as to their relia-
be interpreted as follows: bility 1n the order listed above. In all casee where 

A • element certaln, llOtope certain· · the range in aluminum is given for a nuclear beta 
B •element certain, isotope proi..bie: component,- the corresponding maximum energy 
C • e&ement certain, isotope uncerta!D; has been recalculated using a revised range-energy 
D • imiufficleot evidence. relationship (Gl45), 

Parentheses around tht. class rating signity that Gamma rnr energies nre listed in column eight. 
the corresponding nucleus has not been observed Each value is followed by a description of the 
in the fiJeion of uranium, although it is very prob- method employed in its determination Qnd the 
'Bbly f ormcd in the process. following abbreviations are used: 

' ,.,,,.,,,. 
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Spect.' ; - magne~lc apecttometer or' ~ph :. ~arotind the mass '·number indicate that the maSs 
1tud1~ of KC0t1dary electrons. .:.,,y .. ,.. ; • t. · rt.a' · 

Spect. conv. • magnetic spectrometer or apectropph ,,asstgnm~n is ~nee . m. , . . ·. , .. . · .. 
studies of conversion electrons, ,, i: .;.-i Genetic relationships of the fission products are 

Abs.Pb • absorption of radiations in lead , (when shewn by arrows. ·· A broken arrow indicates the 
· clemen~ other than l~d were~ they relationship has not. been. definitely established. 

. ~f.es~KTiated by their. cbemi~ ~- ; Parentheses around the half-life of a nucleus mean 
Abs.Al conv. • absorption . in aluminum of conversion . the nucleus is probably formed in fission but has 

electrons. · , · . . .not yet been indentified as a fission product. 
Abs.Al,colnc. - absorption ~ ~umlnum of leCOlldarr· . , , The fission yield values listed opposite the mass 

· electron comc1dcncea . . . • ,, · be U d · d f 1 · . · · · · · · . · num rs were genera y etermme or nuc et ap-
Only the first three methods listed above have . pearing late in the fission product chain. In a few 
been used extensively for the determination of cases, however, the values apply to isomers. in an 
gamm~ rar energies .. Of these, spectrometric e~cited s~ate or. to nuclei that can only be formed 
detemunations are considered to be more reliable directly m fission and not by beta decay. In 
than absorp~ion me~urements. . , .') t~ese cases, the fission ~eld value is only a frac-

Column mne contains three related items, a list tion of the chain yield (Gl47). 
of the nuclear reactions by which the nucleus has 
been pr~uced, its genetic relationships, and its Des~rlption of Figure t, .Yield-Masb Curve 
mass assignment. In Fig. 1 (p. 2437) there ts plotted on logarith-

The nuclear reactions are given in the conven- mic scale the total yields of the fission product 
tional manner with target element listed first, chains, formed in u21

• fission, as a function of their 
followed by the projectile nnd ejected particle in mass numbers on linear scale. Forty-two chains 
parentheses. Conventional symbols are used for are shown in the figure. 1 The curve was drawn 
the various particles. ~t with the heavy group reflected upon the 

The genetic relationships are included in the hght group ut a plane of symmetry between the 
item desi~ated as.fission, "fiss.," and only refer- tw.o groups. This. was done to permit the aver
ences which contribute to the establishment of agmg of the experimental data of both the light 
the relationship arc cited. The abbreviation and heavy groups. The curve was then unfolded 
"prec." signifies precursor of, "desc." signifies de· · to its present form for greater graphical clarity. 
scendant of, and "hyp." signifies hypothetical for A circle is used for the fission yield of a nucleus 
nuclei not directly observed. when its mass number is certain, and a square 

In most cases the t'?ass assignment follows di- ~hen its mass number is un.certain. The smooth 
rectly from the reactions by which the nucleus lme drawn throug!t the pomts corresponds to a 
was produced and, for a limited number of nuclei total area of 197% which agrees very well with 
by dir'!ct measurement with the mass spectra: the possible 200% resulting from two large frag
graph, designated "mass spect." In a few in· ments per fission. 
stances the fission yield of a nucleus was used as rl · 
an index of its mass number on the as5umpt' Desc ption of the List of References 
that the fission yield is a sm~th function of~ A list of the references is given on pp. 2414-15, 
number (see Figure 1). This method is adaptable 2436, and 2441-42. References are segregated 
only in regions of the mass spectrum where the alphabetically by the initial of the last name of 
fission yield is chaugiJJg rapidly with the mass the firo;t at:_thor. ~ number ~lo": 1~ signifies 
number. Mass assignmenU. made on this basis that the reierence is to open scientific literature. 
are designated as "fiss. yld." The term "ener." A number above 100 signipes that the reference 
designates cases in which semi-quantitative use of is to a Project report or other Project publication. 
the Bohr-Wheeler equation for decay energy Some of these, such as the well-known Smyth Re
(BlO) has been made in arriving at the probable P,>rt (Sl50), have already been declassified and 
mass-assignment. given· open printing; many others are in the 

Column ten entitled "Other references" lists process of being declassified and will eventually 
ge~eral references and those of lesser significance be ~vailable through the Office of Technical 
which may be useful to an investigator making a Services, Department of Commerce, Washington, 
closer study. D. C., when listed in its weekly Bibliography of 

Scientific and Industrial Reports. Mnny of the 
Deacrlption of Table II, Chains and Yields references are to ~~s wri.ttien for the coll~c~ed 
In Table II (pp. 2438-41) there is presented a papers volume, iochemistry and. the Fiss!on 

graphic summary of the chain relations of the fis- froducts, PPR Vol. ~B, the m~n!lscript of which 
sion products, their mass assignments, and fission IS ~ot at.present availab!e but ism the pro~c~ of 
yields. The fission product chains are divided !>etng edit.ed .and declassified for open publication 
into a light group and 11 heavy group. The former m the sprm.g of 1947. , The v~lum~s of the Man. 
contains fission products with mau numbers of hattan Project Technical Series will be well ad· 
117 Or less, and the latter contains tbOIC With (2) Ed. Not'1: Crummitt aacl Wllkla1011 ortb1 Natloaal Raeareta 
mau numbert greater than 117. Parenth·-·. eo.ac11 or Canada un rwceat11 pu11111111c1 • i11n11ar rtetd-111&11 

- cutYa foe about 20 cbala1 (Nlll•t1, IH, 1118 (Aus. 8, 11J48)), 
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ftt"tised in advance of publication: .. · Querl~~~"ff{'~~'t'<'<a> ~ .. · o'. •·· B. ·. Waldma~, . a. w. ·. Stubbl~teld aad · M. 

th. ti' I be d.:1 ____ _.. ·to' · th District · Ooldllaw, ~.; n, 60'1 0 939>. ' 
15. ar c e may a u.n::1~u • e · . /i~+ccc> C«t, J, M., ud J. L. La_,,." .. 11, 2111 (111311). : "·,-. 

Engmeer, P. 0. Box E, Oak Ridge, Tenn., at· · · .. ca> c~ a IL• aad J. w. Cort, iil4 .. 11, Oil (11131). 
tcntion Information Branch. ;;;':. ;;,1r ''\,I ··~ •. t., (C4) Campbell, N. R .. aad H. w. Wood, Proc. C•mt. Pllll,'SOI., 

The advice and criticism "of L~ "E: 'otendeliin~ \IC. u (lllOCI); Campbell, N. R.; ,.,,,, 111 (1907); .667 (1908). 

C D C II N S . d W H Sull' . ·-:·, (C1Q1) eamae, M .. CC-:UOll, Oct. 11144. 
· • • orye , • ugarrnan, an . ivan .<.: (C102) Campbell, o. w .. cc-u11. p. 41. Mar. 1H3; (Ct'03) cc-. 
in the preparation of this survey article are grate..Hrn. p. 10, Juae 11143. · · ·. : 
fully acknowledged. ·The prefaration · of the :. cc104) eorye11, c. o .. cc-1112~ p. l&, Dec. 111..S: cc101) cc. 
survey was facilitated by use o an index •of re· · .ucM, PP. JJ-15, J•L 11144• . ·. 

rt fiss. od t h • try _ _..:1 · b (CU>CI) CorTeU, C. D., aad N. B. BaUoa, CC-1211, pp. 70-71, Mar. 
po s. on ion pr uc c em1s prep';'C~ y 11141• 
L. Wmsberg (W120). Thanks are due M1ss/une (Ct07) Coryell, c. D., aad cO-worken, CC-231-D, pp. 1-1, Aus. 
Babbitt for assistance in the preparation o the lH2; cc101> cc-2H-D, p. &, Swt. 1110; ccrOll) ce-2111-0, PP· 
manuscript · · 1-2, <:>et. 11142; ccno> cC-389-B, PP· 1-4, Dec. 11142. 

• .. (C112) Coryell, C. D., and JC. Way, CC-1206, p. 21, Jaa. it44. 
List of References cc111> Coryell, c. o .. Muc.coe-110. Mar. 1Ha. 

(Al) Abc190u, P.H., p1i11• Rn., 11, 670 (11139); (A.2) lbltl., 11, 1 (Cl16) Coryell, C. D., aad B. L. Brady, MUC-CDC-flO, Sept. 
(1939). IHI. 

(A3) Amaldl, 8., 0. D'Asostlno, B. Fermi, B. Poateeon-o, P. (Dl) DeutKla, M .. Pli11. Rn .. II, 1140 (11141), 
Raoettl and 8. Sesri. Proe. &7. Soe. (Londoa), A-1'1, 622 (lll:la). (D2) DeVri•, H., and J, Veldkamp, Pll11ka, I, !~9 (11131). 

(A4) Andenoa, H. L., B. Fermi and A. V. Gr-, Pll11. Rn., It, (DI) Dodoon, R. W., aad R. D. Fowler, Pll11. Rn., II, 880 (111311); 
112 (10-11). ' (D4) '""" "· 1186 (11140). 

(All) Aten, A.H. W., Jr .. C. J. Batt.- and F. A. He.,il; N.iw1, (Dll) Dona and Headenoa, print• eommunlcatloa to It. Lark· 
1U, 1110 (11139); (All) lbU., 6711 (111311). HoroviU, dted by O. T. Seabors, CL-6117, Ill C, 1.1, Dee. 11144. 

(A7) Alvares, L. W,. A. C. Helmlaols &Dd B. NellOD, Pll71. lfn., (De) Dowalas, J, R., M. Devl.lc:la and A. Roberti, Pll11. Rn., 11, 
17, 660 (19-&0). 1111, Ole (11142). 

(A8) AbellOD, P. H., Pll1i.' Rn., II, 411 (111311). (D7) Dode, M., aad B. Poateeof'YO, Co,,.,..,,,.4., IOT, 217 (11131), 
(AIOI) Adama, R. M., H. FiutoD 1ad W. Rubi-, CC-11'8, (D8) DoWDlas, J, IL, aad A. Robenl, Pll71. Rn., H, HO (11141). 

Sept. 11145. (Dll) O.Ul.lc:la, M., Ibid., 11, 612 (11142). 
(A103) Adami, ll. M., and L. 0. Staas, Jr., CN·:rrtf, p, 'I, Mat'. (DlO) Deul.lc:la, M., ud A. RoberU, 11111., to, 802 (llKI), 

111411. (D101) O..YI•, T. Il, M·CN-1424, p. 12, Apr, 11144. 
(Bl) Barnee, S. W .. end P. W. Aradlae, 1>1111. Rn., 11, 60 (11130). (Dl02) Dcul.lc:la, M., LAMS-142, Oct. 1044, 
(82) ll<Jl'n, H. J;. and W. Scelmana-811ebert, N t111WW11111Udta/l#r1, (D103) Dillard, C., R. M. Mama, H. Fln1toa aad A', TurteYlcla, 

31, M (11143); (B3) lblJ., :!UI (1110); (84) ll>id., 420 (11143). CC-t142, p. 23, Dec. 11143; CC·1806, July 1944; PPR Vol. llB, 7.11.3 
(Sii) Bothe, W., and A. Flammenfeld, ml., It, 1114 (11141). (11146); (Dl04) CC-2310, p. all, Jan. 10411; PPR Vol. llB, 7.12 
(SCI) Bothe, .w., and W. Gentner,~ .• 11, 1111 (11137); (B7) z. (1946): (D107) Dl11ard, C., H. Flu1ton, ll. M. Adam• aad A. Turke-

Pliylilr, 111, 411 (19311). . Ylcb, CC-2310, p. 1118, Jaa. 111411; PPR Vol. llB, 7.44.2 (1046); 
(B8) Bjcrse, T., and C.H. Westcott, N.U1Ut, U&, 177 (1113-f). (0108) MUC-NS- 1290, Jaa.10411; (DlOO) Diiiard, C,. R. M. Adami, 
(B9) Buct, J. H., Pliy1. Rn., ff, 10211 (11138). . H. Flastoa and A. Turkevlcb, CC-2310, pp. llH2, 167-160, Jan. 
(BIO) Bobr, N., and J. A. Wheeler, Pll11. Rn., ff, 426 (111311). lHll; PPR Vol. llB, 7.6.6 (11146). 
(LU) Booth, B. T., J. R. Dunnlnr an<! F. O. Slact, lbl4., II, 170 (B101) Bdwanb, R. R.; aad H. Ont, CN-2809, p. I, Apr. 111411; 

(19311), (B102) MoaN·2, p. 7, July 19411. 
(Bl2) B09trjllm, Y::. J., J. Koc:b and T. Laurlt_,, N.iu1, lU, IW> (R103) 8111ott, N., CC-342, p. II, NoT. 11142; CC-466-D, p. 13, 

(19311). Feb. 11143; PPR Vol. llB, 7.38.1 (11146). 
(BIOi) Ballou, N. B., CC-2111-D, pp. 1-4, Oet. 11142; (Blln) (B104) 8n1elkemelr, t;, W., Cc-3811-B, pp, 1-4, II, Dee. 11142; 

CC-3811-B, pp. 11-13, Dec. 11142; PPR Vol. 118, 1.41U (11140); (BIOll) CN·lllll, pp. 7-1, July 11144; PPR Vol. llB, 7.15.0 (1046); 
(11103) CC..M-B, pp. l!Hl2, Feb. 11141; (BI04) pp. 23-21, Feb. (8106) CC-111611, Aus. 11144; PPR Vol. llB, 7.46.2 (11146); (1£107) 
11143; (Bl Oii) cc.1120. pp. 31>-43, Mar. 11141; (8106) p, 66, Mar. CC-2310, p. 1116. Jaa. 10411; CC-:USS, p. I, Dec. 11144; PPM. v'ol. 
1943; (8107) pp. 117-&o, Mar. 1941; (BIOS) pp. 511-6&, Mv. 11141; tB, 1.40.1 '!1141!;, 
PPR Vol. 118, 7.48.1 (10•6); (8100) CC-6711, p. U, Apr. 1941; (Bio'.lS) lttt•dkeme!r, D. W .. attd B. L. Brady, CC-418-B, pp. 
(Bl 10) CC-680, p. 22, May 11143; (8111) M·CN·2034, p. 13, Sept. f-13, Jan. 11143; PPR Vol. llB, 7.16.0 (1H6). 
1944; (811:!) CC-3411, Feb. 1046; PPR Vol. OB, 7.54.1 (11146); (8109) Bnseltemelr, D. W., M. 8. Frndmaa, J, A. Seller, B. P. 
(B113) MoaC·76, Feb. 11146; PPR Vol. llD, 7.13 (11146), Stelnber& and L. Wlu1ber1, CN-21129, p. 2, Apr. 111411. 

(8114) Ballou, N. 8., aad W. H. Durp1, CC-11211,pp.05-GO, Mar. (8110) Baselkemelr, D. w .. T. B. Nonr aad D. 8. ~hover, CC· 
11143; CC-OSO, pp. 13-21, Jdar 1!>43; PPR Vul. llD, 7.411.3 (11146). 7113, pp. lHO, July 11143. 

(B1111) Ballou, N. 8., W. H. Burpa, J.B. Dial, L.B. Oleadeala, (81p) Bnselkemelr, D. W .. J. A. !Seller, 8. l'. Stelabers aad L. 
H. Finston, )of, F. Ravel,., B. Scbl099 aad N. Susanna, CC·ll20, p. Wlnsbers, PPR Vol. llB, 7.67.19 (19~6). , 

· 2f, Sept. 11143. (Bl 12) 8a11lkem1lr, D. W .. and N. Suprman, CC·2310, pp. 170-
(B116) Brad,., B. L., CC-11211, p. 43, Mar. 11143; (8117) CC·HO, 114, Jea. 1114.5; PPR Vol. 118, 7.31.I (1040); (8113) CC·2111-D, p. 

p. 49, Sept. 1943. 6, Oet. 11142. 
(Blll) Brad,., 8. L., W. H. Barpa, D. W. Baselkemelr, L. B. (8114) 8va•, H.B., CN·271111, p. I, Mar. 1H6; reported la PPR 

GleDdeala, T. B. NovtJ' aad N. Supt-D, CC-466-B, pp, 14-11. Vol. ID, 'l.41 (11146), 
Feb. 11143; PPR Vol. llB, 7.11.2 (11146). (81111) Bdwardl, a. ll., H. Oe1t aad T. H. Duin, CC·3300, 

(81111) Brady, B. L., aad B. Creuu, CC-6211, pp. 11-30, Mar. Juae 11140.. 
11143. ' (Bl H) B.,.rk-elr, D. W., M. 8. Frffdmaa aad L. B. Olea· 

(8120) Bl"adJ', B. L., aad A. Tvknlcla, MtTC-N&-f220, Aas. deala, nported ID PPll Vol. llB, 7.41.l (11146), 
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Ca" 
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a Ge" 
Ge" 
Ge" 
ee-

Balf-Ww 

49h (5121) 

<2m (S121) 
stable 
H.25h (5121) 

14.lh (51) 

Sb (5121) 

stable 

stable 

stable 
89m (511) 

Ge" stable 
Ge" 

Gcl'I> 

13 Art 
As"' 

h" 

Aal'I> 

A!/11 

. I 

l2b (511) 
llh (S134) 

2.lh (5134) 
stable 
40h (5134) 

S>ni (C5) 
65m (S6. 522) 

90m (5134) 

<lOm (0117) 

n...y 

tr . ., 

tr 

tr • ., 

tr 

tr • ., 

tr • ., 

tr . ., 

tr . ., 

tr 

tr 

TABLB I ~ 
TABLB o• FISSION PRODUCTS: CILutACTBJUSTICS -Q 

DiKonry Pil9loa ~ Bneru ol radiatiolla ID Mn 
ill 6-ioa CJua ,. Putides Gamma radiations 

Produced by and 
mua ... i111meat 

Otbu 
n:fuaaca 

(Sl20) 

(S,20) 

(SUS), (S121) 

(S133) 

(S133) 

(S133) 

(5133) 

A 1.5 X 10-1 0.3(--953), -.1.6 7 (S121) fiss., prec. 14.25b GaTI 
(S121) 

(B) 

A 

B 

(A) 

A 

c 

B 

(A) 

c 

B 

(Sl21) (,....53) (5121) abs. 

1.0 x 10-• 
(5121) 

Al,F. 

0.8(--65%) • ....,3_1 
(""'35%) (5121) 

abs. Al, F. 
1.71(53) cl.ch. (K.U.) 

1.4(5121) abs. Al, F. 

1.2 (511) abs. Al 
1.l(S3. 510} cl. ch. 

(K.U.) 

byp. prec. 5b Ga71 (8121) 

0.64(,....103}. 0.84 Ga(d,p) (Lll) 
(""'453), 2.25(""'453) Ga(n,7} (51, 5121) 

(M114} spcct. Ge(tt,p) {510, 5121} 
l.17,2.65(M2) spcct. fiss., desc. 49b znn 
2.1(5121) abs. Pb (S121) ; -~ · . 

no ., (5121) Ge(tt,/>) (5121) ••• •: ·"' z 
fiss., desc •. <2m ZnT• (S121) " . ~ 

7 (SU) 

73(5121) fiss. ~es:ier. : · · ,·:" :: ·;- , El 
.' . .; ?:·~ . . £!' 

Ge(d,p) (51, 510, Sll) 
Ge{tt,7} (51, 510) 
Ge(tt.2n) (810, SU) 
As(tt,J>).(SlO, 5U) 
Sc(tt,a) (510, SU) 
Ge(.,,n} (H23} . 

. ~ :',J\ . .. 92' 
> ,. 0 
. .' lid 

~ 
tt 

~ 

§_ 
~ 

0'.0037(5134) 2.0(5133, 5134) abs. ., (5134) Ge(d,p) (51, 510, SU) 
Ge(n,7} (Sl, 510} 
Sc(n,a} (511} 

Al 
1.9(S3, 510) cl. ch. 

(K.U.) 

0.020(5134) ,....Q.9(5134} abs. Al ., (5134) 

0.0091(5151) 0.7(5134) abs. Al 

1.4(S6) cl. ch. (K.U.) 0.27(56} abs. Pb 

0.020(5134) 1.4(703). 4.1(303) 
(5134) abs. Al, F. 

••..•......••.• ~. ................. 

fiss .• prec. 40b AsTr (5134) 
i1 (Sl, 511) not prod. As(n,p) 

fiss., prec. 90m Astn> (5134) 

fiss. (8151} desc. 12h 
Ge71 (5134) 

Se(n,p) (56) 
Br(n,a) (S22, CS, 56) 
fiss., desc. 2.lh Ge<'l'I) 

(5133, 5134) 
byp prec. lim 5e11 (GU7) 

~ :-
~ 
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II Sc" stable 
z 
0 

Se1ll stable :-
Se1I <lOmot tr . . . . . . . . . B . . . . . . . . . .••.............. . ............... 79(G117) not mass 81 (W109) -co 

> 7 X l()ly (Gl22) 
,;.. 
~ 

Se" stable 
$c11• 59m (G117) I.T., .,, •- (GUS) B 0.008(G117) ·-= 0.0868(80%). 0.099(H17) spect. Sc(n•r) (522, H21} 

57111 (S22. 1.2) 0.0964(203) (H17) conv. Sc(d,p) (522, L2) 
spect. 0.098(L2) spect. Sc(-y,n} (B7) 

•-: O.OS.'>(L2) spect. conv.;abs. Br(n,p) (L2) 
fiss., prec. 17m Se-1 

(L2, Glli) 

&8l 17111 (Gll7) tr (G108) B 0.125(Gll7) 1.5(Gll7, L2) abs. Al, no 'Y (Gll7) Sc(n,-y) (522, H21) 

19m (L2) F. Sc(d,p) (522, L~) 
Sc(T,n) (B7) 
Br(•.I>) (L2) 
fiss., 59111 5e11• I.T. 

(L2, Gll7). z 
81(Gll7) fiss. yld.-ener. ~ 

Se" stable '• t:t 
;is 

St:88 25m (G117) tr • ., (G108) A 0.21(G117) l.5(Gll7) abs. Al, F. 0.17, 0.37, l.l(Gll i) Sc(•,-y) (522, L2) . . . . . . ... 
30m (L2) abs. Pb Sc(d,1>) (L2) ~ 

0 - . 
fiss., prec. 2.4h Br" i (522, L2) 

Se" ""'2m (Gll 7, tr {Gll7, A fiss., prec. 30m Br'4 
~ . . . . . . . . . . . . . . . . . . . . . . . . . . •••·••····•····· . . . . . . i . 

Bll5) EU:) (Gll7, Ell5) 
~-

IS Br• stable i: 
B:U stable 

... 
0 

Br"· 34h (S22) tr,., (Fll2) A 2.8 x 10-• 0.465(R3) srect. 0.547, 0.7frl, 1.35 Br(d,p) (522) {D8, D4) z 
(Fll2) {R3, DlO) spect. Br(11,-y) (K7, 522) 

1.0(R3) abs. Pb Sc(l>,x) (B9, R4) 
Se(d,2n) (S22) 
Rb(n,u) (522, P7) 
fiss., (Fll2) 

Br" 2.4h (K115, G117) tr (L2, S25) A 0.40 (Gll7) 0.9{Gl17) abs. Al, F. no., (S22, Gll7) Sc(d,n) (522) (MlO, 

2.45h (522) 0.30(K115) l .O(L2) abs. Al, F. Sc(d,J>) desc:. 25m. Se" (L2) 8143, 

2..33h (L2) 1.3 (522) abs. Al. Sc(n,-y} desc:. 25m Sc" G108) 
(S22, L2) 

fiss., desc. 25m Se" (L2. 
Gl17, 522)i prec. 
113m KI''• (L2, E102) 

Br'4 30m (S25) tr • ., (D3) A 0.65(K116) 5.3(K101) abs. Al, F. 'Y {KlOl) Rb(ts,a) (B2} ...... ~ 
33m (KlOl) 4.5(B3) abs. Al fiss., desc. -2m Sc" (D3) -.~ 
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& A 

Br8 
Br" 
&•> 

36 Kr" 
Kr"· 

x,a 

x.et 

Xi" 

Xi" 

Kr" 
Kr" 

Ball-Uh 

3.0m (525) 

50s (525) 

55.6s {Hlll) 
56s (Ll05) 

stable 
113m (L2) 

stable 

stable 

4.5h {HlOS. 522) 
4.6h (S18) 
4.0h (Ci) 

.... 10y (HllO) 

stable 
7Sm (518) 
7fm (S22) 

Kr•> instutaneoaS 

KI" 

KI" 

I 

3h (Ll) 
2.8h (G2) 

2.6m (D109) 
2.5-3m (SH) 
2-fJal (G2) 

Decay 

r 
r 
tr(•) 

l.T.,e-

tr • ., 

tr 

....... 
tr 

• (L106) 

tr 

tr 

Dia<:o~ ... yield. 
Pa 6-ioa CJaM ~ 

(52:i) A 
(S25) A 

(Bll, Ll05) C 

(L2) 

{TlOl) 

(TlOl) 

(S18) 

(H104) 

(TlOl) 
(518) 

(L105) 

(Ll) 

(Gl,SH) 

A 

A 

A 

A 

A 

A 
A 

c 

A 

A 

Jow(G147) 

....0..24 
(HllO) 

. ....... . 

0.0263ol 
fission 
neutrcaa 
{Hlll) 

BM1U cl n.dlatiom l• Mn- Produced by aad 
-uaipmelat 

Otbd~ 
Pvtidee c.m- ndi&Uoaa ref ere~ 

,- : 0.032, 0.045, 0.028 
(H 17) spect. 

.- : 0.03S (13) abs. air 

0.94{H108) abs. Al. p. 
0.8S(B3) abs. Al 

fiss. ptte. 4.5b Kr" (Sl8, B2) ...•• 
fiss., prec. 75m Kr" ($18, B2) ....• 
6ss., prec. K.r•>, inst. (5154, 5126) 

X-ray(El02) 

• emitter (Ll05) 

Se(a,,.) CCI, C2) 
Kr(4,p)? (Cl, C2) 
Kr(4.d)? (Cl, C2) 
desc. Se(11,y), (4,,) (L2) 
fiss., desc. 2.4h Brea 

(1.2, E102) 1:..·· '. . 

Ila. (TlOl) JnaS5 si>ect. 
dee. 2.4h Bi" 

............. , .. Ila. (TlOl)massspect. 
de8C. 30m Brit 

~·\ .. : 

0.17, 0.37(H108) at.. Kr(l,,) (522, Cl, C2) ••••••••• 
Pb Sr(•,a) (B2) 

Rb(•,p) (B2) 
&Is., dac. 3.0m Br'I 

(SIS. B2). 
0.74{H110) aha. Al, F. DO ., (HUO) 'Kr(•.-r) (H108) 

""4(B3) aha. Al 

a:0.30(B~ d. ch. 
0.25 (Hlll) aha. 
paraftin 

2.5{W2)d.ch. (K.U.) 

fiss. (H104) 
85{T101) mas. spect. 

• • • • • . • • • • • . • • • • fiss. (TlOl) mass spect. 

• . . . . .. . . . . . . . . • Xr(l.~) (S22) 
Rb(•.P) (B2} 
87(B2) not prod. Sr(a,a) 
699., dellC'. ros Br" 

(SIS. B2) 
fiss., de.e. M.6s Br(lf) {52.5, S126. 

(L105) B2, RlOl, 
518) 

Gss., prec. 17 .8m Rb" (HS) 
(Lt, A6, Gt, G2, 
m. H22) 

Gss., inc: 15.fm Rb" (Dl03, 
(Gl, G2, S14, H7); Dl08) 
prec. 53d &le {Gl. 
G2, 0102, Dl09). 

~ -00 

=~· 

z.: 

! .. !~ 
i

,• ." ..... 1,, 
- 'f!1:;.:.:i 

!i~ \tff1 

i 
~ 

t 
o· 

.QQ ·, 



Kr" "'33s (Kll9) tr (D103) A ......... . .................. . .. . .. . . . . . . . . . . . tiss .• prec. 25y Sr" . ......... z 
(D103. K119) ~ 

JCr'l 9.& (Dl09) tr (HS) A .... ........ . .................. . ............... tiss .• prec. 9.7h Sr'l (Dl08) .... 
5.is (0102) (Dl09); prcc. 57d 

tO 
~ 

YH (HS •. BllS. 
~ 

0102, Dl03) 
.. 

Kr:tt> 3s (Dl09) tr (H5) c .......... ················· ................ tiss., prec. 3.5h Y<H> (pl08) 
(H5. ~6, HS. Hl5, 
BUS. Dl09) 

Kr<N> 2.0s (D109) tr (Hl6, BllS) c ......... ················· ................ fiss., prec. lOh y<•a> (Hl5, Dl08, 
(Hl6, Hl3. BUS. 0102) 
Dl03, Dl09) 

KrCH> l.4s (Dl09) tr (Hl5) c 0 •••••••• . ................ . ............... fiss., prcc. 20m Y'"; . ........ 
(Hl5, Dl09) 

~ short (AlOl) tr (AlOl) A ......... ................. . ............... fiss., prec. 1 Th Zr" . ........ 
(AlOl. D 109) z 

~ Rb" mhle .. 

e Rb". 19.5d (H26) tr • ., (F113) A -1.6x10-• l.60(Hl) spect. ')'(H27) Rb('lt,-y) (522, Sl5) ......... 
(F113) l.56(H26) abs. Sr(d,a) (H26) ... 

Rb(.,.,1t) (H23)- .. , '22 
fm. (Fll3)'' ··:-1 ~. , i Rb" 6.3x10~ (~) tr.,.,.- . . . . . . . . . (A) ......... 0.132{LS) spect. O.OM, 0.053, 0.082, 87(Nl) mass spert.· (T3, C6) '=' 0.13(01) spect. 0.102. 0.129 (01) 

~ 0.25(K3) spect. spect. conv. 

i Rb" 17.Sm (G2) tr (Hf, R22) A ......... f.6(G2) abs. . ............... Rb(n,.,.) (P7, S22) (H5)" 
18m (H7) 5.l(W2) cl. cll. fiss .. dcsc. 3h KrD (Ll. 0 
17.5m (W2) A6,H22,Gl,G2, H7) z 

Rb" 15.fm (G2) tr (Gl, 514) A ......... 3.S(G2) abs. . ............... fiss., dcsc. 2.6m Kr" (lI13) 
. 15.5m (H7) (Gl. G2, 814, H7); 

prec. 53d Sr" (G2) 

Rb" short (D103) r (D1Cl3) A fiss., desc. "'33s Kr" 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... ········ ......... 

prec. 25y &• (Dl03) 

Rb'l short (HS. BUS, r (HS) A . . . . . . . . . ................. . ................. fiss.. desc. 9.8s Krll . ........ 
0101, D103. prec. 9.7h Srll 
D109) (D109); prec. 57d yu 

(HS. BUS, 0102, Dl03) 

Rb"2> short (H15, BUS, tr (H5) c ......... .................. . .................. fiss., d~. 3s. Kr<H>; . .......... 
DIOP) · prec. 3.5b yen> 

(H5, H6, HS, H15, ~ 
~ 

BllS. Dl09) -tQ 
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R.b(N) short (Hl6. Hl3, p- (Hl6, Bl18) c fiss., desc. 2.0s Kr<H> 
0 .... ....... . . . . . . . . . . . .. . .. . .. . ......... · ......... '"'""\•• .... 

BUS. Dl03. prec. lOh y<tl) 
Dl09) (Hl6, H13, H15, 

BUS. D103, D109) 
R.b(M) short (Hl5, D109) r (Hl5) c . . . . . . . . . .................. . ............... fiss., desc. 1.4s Kr<•o . ......... 

prec. 20m y111) 
(Hl5, Dl09) 

Rb" short (AlOl) r (AlOl) A .......... . ................ . ............... fiss., desc. short Krtr . ........ 
prec. 17b Zr" 
(AlOl, Dl09) 

R.b 80s (H5) r (H5) c . . . . . . . . . ................. . ............... fiss. (H5) 

38 Sr" stable ......... low{G147) 

&Ill stable 

Sr" stable z 
Sr" S1d (G138) r (L9) A 4.6(Nl12) UiO(W104) spect. no 'Y (Gl38, S23, Sr(ll,")') (S23, 524) (HS, H7, 

~ n 
r" 

54d (L9) 1 • .52(N101) spect. S24) Y(n,p) (S4) Bl, P104) =" ... 
55d (S23. 524) 1.5(G131. B3) abs. Al: fiss., desc. 15.4m Rb" (G2). 

~ (524) cl. ch. 89 (L108) mass spect. 

s.- 25y {NllO, G134) r (Hl6, Nl08, A ........... 0.6(G134) abs. Al, F. no-, (G134, G130) fiss., desc. short Rb11 (Mll3) ~ 
G130) (0103}; prec. 65h ~ 

Y" (Hl6, Hl3, z 
NlOS. G130) 

~ 90 (H 101) mass. spect. ?I> 

Sr'' 9.7b (K102) r . ., (G6) A 5.0(F103) 1.3(403). 3.2(603) ...... 1.3(K102) abs. Pb Zr(n,a) (Sl7) (Bl15) 
'Ul ... 
0 

lOh (H15) (K102) abs. Al, F. fi.ss., desc. short Rb" z 
8.5h (G6) (D109); prec. 51m y11• 

(""'403). 57d yn 
{"'603) (G6, F105) 

Sr\ I) 2.7b (G6) r {G6) c 5.l(H103) . . . . . . . . . . . . . . . . . ................ fi.ss., dcsc. short Rb {H13, Hl5, 
(H5); prcc. 3.5h Bl18, 
Y<H> {G6) P102) 

SrM> 7m (L9) r (L9) c . . . . . . . . . . . . . . . . . . . . . . . . . . .................... fi.ss., desc. short KrCH) (HS) 
(L9,Hl6,Hl3,H15, 
Bl18, D109); prec. 
lOhY<n> (Hl6, H13, H15) 

Sr<MI ....,2m (H15) r (H15) c . . . . . . . . . . . . . . . . . . . . . . . . . . ................. fiss., desc. 1.4s Kr<t-0 . ........ 
(Hl5, D109); prec. 
20m yc11> {Hl3, H15) 

Sr" short (AlOl) r {AlOl) A ......... ················· .................. fiss., desc. short Krn ......... ~ 
prec. 17b Zr" -
(AlOl, D109) 0) 

00' 

I ~- -



· f · I -· . r .. . ~ 

' 

• Y'I stable z 
0 

(Hl6, Nl08, A 2.2(Nl01) spect. Y(n,-y) (523, 54) < 'Y" 65b (NllO) tr ......... no 'Y (G134, G130) ......... 
62b (Gl30) Gl30) 2.45(Gl34) abs. Al, F. Y(d,p) (S23) .... 

c 
60h (S23. G 134) 2.55(Nl08) abs. Al Cb(n,a) (S5,S7,Nl04) .14 

~ 
2.6(523) cl. ch. (K.U.) Zr(n,p) (S9, G126) 

Zr{d,a) (S9) 
fiss., desc. 25y Sr• 

{H16, Hl3, Gl30, 
NllO) 

90(H101) mas; spect. 

yti• 51m (F105) I.T .. -,. r (G6) A ·•··•···· ,- : -0.5(F105) abs. 0.6l(F105) abs. Pb Zr(n,p) (S17) ......... 
50m (G6) At ("-'10% con· fiss., desc. 9.7h Sr'1 

verted) ( "'403) (G6, 
F105); prcc. 57d 
yt1 (Fl05) 

Y" 57d (H8.G6) tr (HS) A 5.9(Nl12) 1.53{L113) spcct. no "I (BlOl, MlOl) Zr(n,p) {Sl 7) (Gl31, P103) 
1.6(B3) abs. Al fiss., desc. 9.7h Sr'1 z 
1.7(Ml13) abs. Al. F. ( "'6Cl3) (G6, Fl05); c:: n 

desc. 5lm yti• ~ 
(-40%) (Fl05) '"4 . 

~ 91 {Ll~)massspect. 0 

'° ytn> 3.5h {L9. Hl5) tr • ., (L9) c ......... 3.4(G6) abs. Al; 0.6(G6) abs. Pb Zr(n,p) (S9, 517) (B115) ~ 
(H103) abs. Al, F. 0.7-1.l(Klll) abs. fiss., desc. 2.ih Srl90 ::I 

3.6(B3) abs. Al Pb (G6, H103) S! 
ytH) lOh (B113) tr • ., (H16, BlOl) c ......... 3.l(B113) abs. Al, F. 0. 7(B113) abs. Pb fiss., desc. 7m Srtt.n (B115) "::! .... 

ll.5b (H15) (Hl6, Hl3, H15); (J) 
!II 

not mass 95 (SU!) 
.... 
0 z 

YtN> 20m {H15. Dl04) tr • ., (H15) c "'-'5(0104) . . . . . . . . . . . . . . . . . ., (Hl5) Zr(n,p) (Sl 7) ......... 
fiss., desc . .-2m Sr<tt> 

(Hl5, Hl3) 

Y1' .<3h (Sll~) tr •••....•. A . ........ •··············•· ................ hyp. prec. 6:xl Zr" 
(5114) 

ywr short (AlOl) tr (AlOl) A ......... ·•·••·······•···· ................ fiss., desc. short Sr" 
prcc. 17h Zr'' 
(A101, DlOOi 

«> Zr" stable 
ZJ41 stable 

Zr" stable 

Zr8' 2.5m (N104) tr(?) .......... (D) . ........ ................. . ................ Cb(n,p) (?) (~104) . ........ 1-:> 
~ 

UN stable t..:> -



N.m. D*<>Ttty FisaK>n ,-kid, 8-u cil radiatiom in Mn Produced by aad Other "' % A Half.life Decay U. lissioa a.. ~ PartidM Gamma radiatioaa mau uaipmeat nf~ ~ 
t.,') 

Zt" 6Sd (Bl17) tr • ., (Gl28) A --6.4(Sl28, 0.394(983), 1.0(23) 0.73, 0.92(?) (N103) Zr(n,-y) (S9) (Bl21, N104 
t-:; 

65.5d (PS) WlOl) (Nl03) spect. spect. conv. Zr(d,p) (S9, JlOl) Hl3, 
63d (59) --0.35(983), 1.0(23) 0.80(El08) abs. Pb Mo(11,a) (S9) GlOl) 

(M113) abs. Al, F.; 0.88(M113) abs. Pb fiss., dcsc. <3h Y" 
(E108) abs. Al (Sl 14); prec. OOh Cb11 • 

,-: 0.71, 0.90 (?) (-23). 35d Cb" (-983) 
(N103) spect.. (ElOS. Sl31, JlOl) 

95 (L107, N103) 35d 
Cb• tr emitter 

95 (H102) mass spect. 

Zr" stable 

Zr" 17.0b (GS, K109) ~-. ., (GS) A ......... 2.l(K109) abs. Al, F. .....0.8(Kl09) abs. Pb Zr(n,.,) (S9) (P105) 
Mo(11,a) (S9) 
fiss.. de.c. short Sr" z 

(AlOl); prec. 75m ~ 
Cb" (GS, H9, 59) e, 

95, 97 0101) not prod. ... 
by Cb(•.f>) (Nl04) . ~· o· 

97(S9) not prod. by Zr(•.211) 

B 41 CbM stable . 

~ 90h (S131) I. T., ,-, (El CM) A •-: 0.22.,0.23e(L1CM) ., highly conv. (?) tiss., desc. 65d Zr" 
~ 

········· ......... i 80h (E108) X-ray spect.; 0.22 (5131) (S131) (-23) (5131, 
abs.Al X-ray: --0.016(S131) E108); prec. 35d ~ abs.Al Cb11 (5131, Lt<M) 

Cb" 35d (E108) tr • ., (G128) A 0.15.(NlOO) spttt. 0.75(W104) spect. Mo(d,a) 0101) (FllO, Nl04. 0 ......... z 
36.5d (J101) 0.15(0128, BIOS. 0.77a(Nl06) spect. Zr(d,p) desc. 65d Zr" E117, 

Ml 13) abs. Al CODV. (JlOl) E105. 
•-: 0.75, 0.77(?U06) 0.790102) spect. fiss., desc. 65d Zr" N101) 

spect. 0.75(E108) abs. Pb <-983> a10·1. 
--0.7(G128) abs. Pb G128, El08); 90h 

Cb•• I. T. C-23) 
(S131, Ll04) 

95(L107, N106) 35d 
Cb" ~ emitter 

95(H102) mass spect. 

Cb" 75m (GS) tr • ., (GS) A ......... 1.4(K109) abs. Al, F 0.78(K109) al--s. Pb Mo(•,f>) (59) (P105) 
fiss., desc. l 7h Zr" 

(GS. S9, H9) 

a Mo" stable ~ 
Ko" stable =---
Mo" stable ~ 

i 



- ~ • I 

' } '• . 

Mo" 67h (513, K103) tr . ., (H3) A 6-2(F103, l.2(Kl03) abs. Al, F. 0.24, 0.75{Mll4) Mo(d,p) (513) (H24, Bl15) z 
0 

5153) 1.4(513) abs. Al spec:t. Mo(x,-y) (54, 513) t 0.4{Sl3) abs. Cu, Pb Mo{11,2n) (S9) .... 
Zr(a,n) {D5) :f 
fiss., prec. 5.9h 439 .. Q 

("-10%) (S13,S21); 
prec. 4 X l()ly 43" 
(""'90o/o) (513,M107) 

Mo• stable 

Mo•' 14.6m (M6) tr • ., (HlO) A ......... 1.0. !?-2(M6) abs. Al 0.3, 0.9(M6) abs. Pb Mo(n,-y) (SS, S9, M5, . ........ 
14m (HU) 1.9(S9) abs. M6) 

1.8{S8) cl. ch. (K.U.) fiss., prec. 14.0m 43i.a 
(M5, M6, HlO, Hll,58) 

101(59, M6) not prod. 
by Mo{a,211) 

MontJ> 12m {HU) tr (HlO) c . . . . . . . . . ................. . ............... fiss., prec. < lm 43010 . ........ 
{HlO, H11) 

Mo• short (B4) tr {B4) A . . . . . . . . . ................. . ............... fiss., prec. 4.Sh Ru* (B4) ••••••• z 
43 4391• l>.9b (Gl44) I.T .• .,, .-. (S21) A . ........ •-: 0.116(513) spec:t. 0.136(513) spcct. Mo(x,-y) dcsc~ 67b Mo" {GUO) e 6.6b (513) X-ray 0.12(513) abs. Al conv. (Sl3, S9) ... 

0.129{Kl) spect. Mo(d.1') desc. 67b 

f conv. Mo" {513) ) 

-0.18(S13) abs. Cu, fiss., desc. 67b Mo" (513, 
Pb S21, Gl07); prec. 

X·ray (513) 4 X l()ly 43" (513, Ml07) ; 
43'9 4 X lO'y (M107) tr (Llll, S104). A . . . . . . . . . 0.3(LU 1, Sl04, ................ Mo(n,-y) dcsc. 67b . ........ i "-l()ly (LUl) M107) abs. Al MO-(M107) 

.....a x lO'y (5104) fiss., desc. 67b Mo" a >3000y (GUO) -(90o/o){S13); 5.9h 4319• 
>~ (Sl3) I.T. (.....,10o/o)(Sl3, HlO) 

43•a 14.0m (M6, Hll) tr . ., (HlO) A ········· l.3(M6) abs. Al 0.30(M6) abs. Pb Mo(n,-y) de9C, H.6m .......... 
1.2(M5, S9) abs. Al Mo1

" {SS, S9) 
1.1(58) cl. ch. (K.U.) fiss., desc. 14.6m Mo'" 

(MS, M6, HlO, Hl l,SS) 
43oes> <lm (HlO, HU) tr . . . . . . . . . c . . . . . . . . . •....••...•....•. . ............... fiss., dcsc. 12m Mo''"' . ........ 

(HlO, Hll) 

43• abort (B4) r (B4) A . . . . . . . . . ................. ········· .. . .. fiss., dcse. short Molli; . ........ 
prcc.4.5hRu*(B4) 

43011) <u5m CB4> tr . . . . . . . . . c . . . . . . . . . ................. . ............... byp. prcc. 4m Ru <•l(B4) ..•••..•• 

44 Ru• stable 

Ru1
" stable ii Ru., stable 

------~ ... ---. --s.n -·· , r ,, 
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Ru JN @I (S145, G143) tr • ., (N2, G129) A 3.7(S~32) 0.2(95%). 0.80(53) 0.56(Gl27) abs. Pb Ru(d,p) (LlO, 5145) (N6, Bl15, 
.... 

45d (N2) (5145) abs. Al, F. 0.54(5145) abs. Pb Ru(n1y) (S145) Gll5) 
0.2(97%). 0.8(33) fiss., prcc. 56m Rhitn 

(G143) abs. Al, F. (Gl43, G127) 

Ru* stable 

Ru* 4.'Sb (S145) tr • ., (S20) A --0.9(S145) 1.35(5145) abs. Al, F. 0.76(5145) abs. Pb Ru(d,p) (LlO, 5145) ......... 
4h (LIO. D2. N6) 1.5(B4) abs. Al Ru(n,..,) (D2, 5145) 

fiss., desc. short 431u 
(B4); prcc. 36.5b 
Rh* (N6, 5145, 5122) 

Ru* 1.0y (G143) tr (Gl29) A 0.48(S132) .-0.03(?)(Gl43) abs. DO.., (Gl43) fiss., prcc. 30s Rh* (C105, Sl23) 
0.53(Gl21) Al (Gl27, Gl43) 

106(H102) massspect. 
Rulie7> 4m (B4. G116) tr (B4) c ......... ""4(B4) abs. Al . ............... fiss., desc. <1.Sm . ........ z 

431117>(B4);prcc.24m ~ 

Rb<m> (B4, G116) e 
45 Rh··· SGm (G127) I.T., ,-. (Gl27) A e-: .-0.03(GH3) abs. X-ray: 0.020(Gl43) Rh(-y,..,) (W6) {5123, 5145. 

... ......... 
~ 

48m (F3) X-ray Al abs. Al _Rh(n,n) tF3) Gl15) 0 
45m (W6} fiss., desc. 42d Ru"' B (~97%) (G143) ti 

Rb~J stable ~ 
Rb• 36.5h (5145) tr . ., (X5) A ......... 0.60(S145) abs. Al, F. 0.33(S145) abs. Pb Ru(d,n)(?) (S145) . ........ ~ 34h (N5) ,- : --0.3(Sl45) abs. Ru(d,p), Ru(n,..,), ta Al desc. 4.5h 0 

Ru111 (5145) ~ 

fiss., desc. 4.Sh Ru* 
(N6, 5122, 5145) 

Rb* 30s (Gl27) tr . ., (G127) A .......... -2.8(20%),Z.9(80%) 0.3, 0.8(G143) abs. fiss., desc. 1.0y Ru* . ........ 
(Gl43)abs.Al coinc. Pb (low in tensity) (G127, G143) 

--4.5(5123) abs. Al 
RblM<> 2-!m (B4} tJ-. -,(?) (B4) c ......... l.2(B4) abs. Al -,(?) (Gll6) fiss., desc. 4m Rulm> . ........ 

26m (Gll6) (B4, Gll6) 
107(Gll6} fiss. yld.-ener. 

Rh"' <lh (5107) tJ- ........... A .. . ....... .. ................. . ................. hyp. prec. 13.4h Pd111(5107) 

Rb 9h {Blll) tr • ., (Blll) D ... .... ... -1.3(Bll1) abs. Al 0.8(Blll) ~bs. Pb tiss. (Blll) ......... 
46 Pd111 stable 

Pd"' stable 
Pd., very short or tr ........... A ............. ... .............. .... . . .. ................ . .................... (C112) < 

0 
>3 X lD-}' (Gl19) :-
> 8.6 X lO'y (L115) ~ 



' ~ . . . -·. .. . . :. 
\ ! \ 

I 

z 
0 

Pd111 stable 

Pd* 13.4h (5138) tr (Sl09) A 0.028(t) 1.l(Sl07) abs. Al, F. no 'Y (S107) Pd(d,p) {K4) ......... :< 

l3.2h (L103) 
{Elll) l.03(K4) cl. ch. Pd(n,.,.) {A3, K4) .... 

13h (K4) 
Ag(n,p) (Fl) 

~ 
~ 

fiss., prec. 40s Agltl•(S20} 
Q) 

109(Rl03)mass spect. 

Pd•• stable 

Pdm 26m (S20) tr (N4) A ......... 3.S(B4) abs. . ............... Pd(d,p) (K4) ········· 
Pd(n,y) (A3, K4) 
fis5., prec. 7.6 Agm 

(K4, S20} 

Pd112 !!lb (SlOi) tr (N4) A 0.0ll(Sl07) 0.2(Sl07) ahs. Al no 'Y (Sl07) fiss., prec. 3.2h Agm (S20) 

(N4, S107) 

47 Ag"' stable 

Ag•• 40.4s (W5) I.T., r, "f, ......... (A) ········· ,- : 0.0664. 0.0896, 0.0426(Vl, Hl7) Ag(d,2n) S.7h Cd109 ······· .. 
40s (A7) X-ray 

0.091S (Vl, H17), spect. con v. K-capt. (A7, H25) z 
spect. 0.092(H25) spect. Ag(d,2n) 158d Cdtot Cl 

conv. K-capt. (H2S) e 
0.09(A7, Hl7) abs. Pd(ll,"f) dcsc. 13.4h ... 

p9111 (S20) ti:s 
Ag(11,•) (A7, BS) 

0 

Ag(e,e) (WS) B 
Ag("f,"f) (F3, W5) tJ 

~ 
Ag1H stable 

Agm 7.6d (S129) fr, -y{?) (N4) A 0.018(t) ""°.24(?), 1.0(Sl29) no -y(?) {K4, PS) Pd{d,n) {K4, P5) C:N3) ti:s ... 
7.5d (K4, P5) 

(Elll) abs. Al, F. 'Y (low intensity) Pd(a,p), Cd(11,p) {PS) ~ ... 
--0.8(K4) cl. ch. (B3) (Sl29) fiss., desc. 26m Pd 111 0 

abs. (K4, S20) 
z 

Agn! 3.2h (P5, Sl07) tr • ., (N4) A ......... 3.6(S107) abs. Al, F. 0.86(5107) abs. Pb Cd(11,p), In (11,a) (PS) (SlOS) 

2.2{PS) cl. ch. fiss., desc. 2lh Pdm 
(N3, N4, S107) 

48 Cd111 stable ' CdlU stable 

CdlU stable 

Cdll' stable 
Cd1U 2.33d (C4, Mlll) tr,.,. (N4) A 0.0ll(Mlll) --0.6, 1.13(L7) spcct. 0.65{M3) !.p... .• Cd(d,p) (C4) ......... 

::?.5d (G3) 
1.11 (C4) spect. 0.55tL7) cl. ch. Cd(11,"Y) (MS, G3) 

0.56(603), 1.20(403) Cd(11,2n) {G3) 

(Mlll) abs. Al, F. In(•,f>) (Sl16) 
fiss., prec. 4.Sh In111• e (C4, G3, N3. N4) 
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Cd111 4-&d (GHl) r. -r<?> (Ml09, A 0.()()08 1.7(Gl41) abs. Al --0.5(?) (Sll 7) abs. Cd(d,p) (C4) - .......... 
43d (Sl16, Mll8, Gl13) (Mll8) 1.8(Mll8) abs. Al, F. Pb Cd(11, 'Y) (Sll5, Sll6) 

5117) l .5(Sl 16, Sl 17) abs. Al ln(11,p) (Sll6) 
40d (C4) fiss., (Ml09, Gll3) 

115(C4) 44d Cd111 
{J- emitter 

CdlM stable 
Cd UT 2..83h (L7) r (N4) A O.Ol(Mll2) l.3-1.7(L7) spect. ................ Cd(d,p) (C4) 

2. 72h (Ml12) Cd(11,.,) (MS, G3) ......... 
fiss., prcc. l.95h Inllf 

(G3, C4, L7, N3, N4) 
117(C4), l.95h 1nm 

fr emitter 
Cd. 48.7m (WlO) I.T.,r (N4) c ......... r: 0.17 (WlO) abs. Al . ............... Cd(11,11) (D7) . ......... z 

50m (D7) Cd(e;e) (WlO) ~ n 
Cd(,.,-y) (F2, WlO) (;; 
6.u. (N3, N4) ... 

49 1n111• 4.53h (L6) I.T .. T. r (N4) A ......... .- : 0.308, 0.332 (L.5) 0.338(L7) spcct. In(11,11) (G3) (Mlll) ~ 
4.5b {L5, C4) ~pc<:t. conv. In(/>,I>) (Bl) B 4.lh (G3, Bl) 0.4dlG3) abs. Al --0.4(L7) abs. Pb In(a,a) (L3) 

ln(:,e) (Wl) 
. tt . 

ln(X-ray) (P4,C3,Wl) ; 
Cd(d,f>) dcsc. 2.33d i Cd111 (C4, L7) 
fiss., dcsc. 2.33d Cdtll i 

(G3, C4, N3, N4) 
Inlll •table 
JnlD 1.95h (L8, L7) r (N4) A 0 •••••••• l.73(C4) spcct. no ., (L6, L 7) Cd(d,n) (L7) . ........ 

l.9h (M.112) 1.90(Ml12) abs.Al, F. Cd(d,p) dcsc. 2.83h 
Cdm (C4, L7) 

fiss., dcsc. 2.83h Cd ur 
(G3, C4, N3, N4, L7) 

50 Sa111 stable 
Snlll stable 
Snllt stable 
Snl• stable 
SnUIU 62h (Sl08) fr (N2) c 0.014(5108) 0.76(5108) abs. Al, F. no., (5109i fiss. (N2, Hl4, 5108) ......... 

60h (N2) 
"'80h (Hl4) ~ 

Snn:i.un 130d (LlOl) fr (LlOl) c 0.0012 l.4-l-l.53(Ll01) abs. no 'Y (LlOl) fiss., no active daughter ......••. ~ 

(LlOl) Al. F. (LlOl) ~ 

·, 



\ 

z 
SnlD stable 0 

SnClli) lOd (5108) tr • ., (Hl4) c 0.0041 2.6(Sl08) abs. Al. F. -, (5108) Sn(d,p) {Ll3) ......... < .: 
lld (HH) (5108} Sn(•.-r) (Ll3) .... 

fiss. (Hl4, 5108) :f 
Q) 

Sn"4 stable 

Sn'• 9m (L13) r . . . . . . . . . (B) . . . . . . . . . . ................ . ............... Sn(d.p) (L13) ......... 
Sn(,.,-r) (L13) 
125(L13) not _prod. 

by Sn(•.2•) 

Sn -20m (Hl4) r (HU) c ......... ················· . ............... fiss. (HH) ......... 
SnO•> '70m (N2, HH) r.-,c1> (N"~) c 0.l(S108) (70m Sn u•> +-oom (70m Sn o•> + fiss., prec. ~m SbU•> (5109) 

$bO•>): 0.7(603). -flOm SbU•>): (N2,HH) 

2.7(403) {5108) 1.2(5108) abs. 
abs. AI. F. Pb 

Sl SbUl stable 

Sblll 9tahle 

Sb• NJ..77 (L102) tr, To X-ray (C102. 5124) B 0.023(5127) 0.3("""653). 0.7 0.6(5127) abs. Pb ciesc. Sn(•.-r) (S127) ......... z 
0.018(L102) (-353)(5127) 0.56(Ll02) abs. Pb fiss. (Cl02. 5124. g 

abs.Al. F • X-ray: 0.027(5127. 5127. L102} I .-0.6(C102, L102) L102) abs. Al 

f abs.Al 

Sl>O•> -oom (N2) tr.-,cn (N2) c ......... lee 70m Sn (ta) see 70m Sn n•> fi.ss .• dcsc. 70m Sa<aa> (N2) ••.•••• 

Shur 93h (5124) tr • ., {A2) A .....•..• 1.15(5124) abs. Al 0.72(5125) abs. Pb fiss., prec. 9.3h Te111 ......... '=' 
ll>h (A2) (A2. Cl03) 51 

Sbl• 4.2h (A2) tr (A2) A . . . . . . . . . . . . . . . . . . . . . . . . . . ................ fiss.. prec:. 70m Te1•(A2) ••••••••• i SbUD) -Sm (A2) tr (Al) c ......... . . . . . . . . . . . . . . . . . . ............... fiss .• prec. 77h Te<1•>(A2) •••••••• 

SL'n <10m (A2) tr . . . . . ~ . ~ "' A "' .... "' "' .. . . . . . . . . . . . . . . . . . .................. byp. prec. 60m Te111(A2) · •••••••• ~ 
SbUIO <lOm (A2) tr . . . . . . . . . c . . . . . . . . . ... .. . . . . . . . . . . ................. hyp. prec. 43m Te<114>(A2) ••••••• 

52 Te1• stable · 

Te1• stable 
Tetsr• 90d (512, G 135) l.T.,r, (Gll2) A 0.033 (Gl35) r: 0.055,0.082.0.085 X-ray: 0.028(Gl35) Te(d,p). Te(•.-r) (512) ......... 

X-ray (Hl 7) spect. abs. Al 1(11,p) (512) 
fiss., prec. 9.3h Te11r 

(512, G135) 

Te'sr 9.3h (Sl2, C103, tr (A2) A . . . . . . . . . 0.70(512. Cl03, Ql35) no -r (Cl03, 5125, Te(d,p) (T2. S12) ......... 
Gl35) abs. Al, F. Gl35) Te(11,y) (512) 

Te(11. 2fl) (T2) 
I(,.,p) (512) 
fiss .• desc. 93h Sb11f 

(A2, Cl03); 90d a Te11r• I. T. (512,0135) 
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~ 

Te1• stable 

Te1•• 32d (Sl2, Gl35) I. T., ,- (Nlll) A 0.19(Bll9) ,-: 0.070, 0.10(H17) X-ray (G 135) Te(d,p) (Sl2) ......... 
spttt. Te(n,y) (Sl2) 

Teln,2n) (T2) 
fiss., prec. 70m Te1n 

(S12, Gl35) 

Te1• 70m (A2, G135) fJ-, i'• X-ray (A2) A ........... 1.8(W104) spect. 0.3, 0.8(G 135) abs. Te(d,p) (T2, Sl2) . ........ 
72m (Sl2) l.75(Ml13) abs. Al, Pb Te(n,,.) (Sl2) 

F. 0.3, 0.7{Ml13) abs. Te{n,2n) (H12, T2) 
1.7(Gl35) abs. Al, F. Pb Te(i',n) (B7) 
1.6(Nlll) abs. Al, F. X-ray: -0.030 fiss., desc. 4.2h Sbln 

{G 135) abs. Al {A2); 32d Ten•• 
I. T. {512, G135); 
prec. very long 111• z 
{Sl2, Lll2) ct 

Te1• stable ... e. .... 
Teu' .. 30h (A2) I. T .• ,- (A2) A --0.5(K104) .-: 0.147,0.175(H17) ................. Te(d,p) {S12) . ........ llj 

29h {Ll2) Spttt. Te(n,,.) (Sl2) 0 

fiss., prcc. 25m Tent B 
(S12); prec. 8.0d ~ 

1111 {A2, B4, S12) ;-
Tent 25m (Sl2) fJ- {A2) A ......... . ................ . ............... Te(d,p) (512) . ........ ~ 

30m ( • .\2) Te(n,-r) (512) I 
fiss., desc. 30h Tent• .... 

0 
I. T. (S12); prcc. z 
8.0d 1111 (A2, 512) 

Tetir-> 77b (A2) fJ-. ,., e-, (AS) c 3.6(E110) 0.28(Nl15) abs. Al, F. 0.22{Xl15) abs. Pb fiss., desc. ,...,51n Sb Un> ........... 
OOh (H3) X-ray --0.3{B3) abs. Al X-ray (A2) abs. {A2); pree. 2.4h 

•-(Nll5) 1 UH> (AS, A2, H3, 
H4, N115) 

Te1
" OOm (A!?, W9) fJ- {A2) A ......... . ................ . ................ fiss., desc. < lOm Sbm . ......... 

(A2); prcc. 22h 
1111 (A2, H4, W9) 

Tenso "3m (A2) fr (A2) c ......... . ................ ················ fiss.,desc. <lOmSbUu> .......... 
(A2); prec. Mm 
lUH) (A2, H4) 

Te111 <2m (04, G 123, fr A byp. prec. 6.7h 1111 (W7) 
, ......... . ........ . ................. . ................ 

K108) (S21, D4, G123, < 
K108, W9) ~ 

Te -lm (H14) fr (Hl4) D ........... . .................. . ................. fiss. (H14) . ......... ~ 

I 



53 1ur stable 
z 
0 

11• very Ions (Ll 12) fr . . .. . . . . . . A ...... .... . . ....................... .. .................. hyp. desc. 70m Te1•(512) •••••••• :c: 
pn 8.0d (L12. G142) fr. y. r (A2) A 2.S(t) (Elll) 0.595(Dl, D6) spect. 0.367(D6) spect., Te(d,n) (Ll2, R2) (Pl080 H-t. ...... 

~ 

7.9d (A2) 0.60(M113)abs.Al. F. spect. conv.; 0.080 fiss., c!esc. 25m Tem Tl) ,,.. 
(D6) spect. conv., (L12, A2, 512) 

Cl) 

abs. Pt, Hg, coinc. 
0.36l5144, Ml13) 

abs. Pb 
0.4(Ll2) abs. Pb 

ion> 2.4h (A2) fr. 'Y (AS) c ......... 1.0(-503). 2.1 0.6( ...... 503). 1.4 fiss., desc. 77h Te<nt> (M116) 

2.3h (H3) (-503) (Nll5) (-503) (Nll5) (AS, A2, H3, Nll5, 
abs. Al, F. abs. Pb H4) 

1.3(B3) abs. Al 0.85(B3) abs. Pb 

111• 22b (A2, S21. fr. 'Y (A2) A """4.5(K108) 1.3(5144) abs. Al 0.55(5144) abs. Pb fiss., desc. 60m Tetn (W7. Kll3, 

Kl08, W9) 1.l(Pl) cl. ch. (A2. H4, W9); P107) 

18.5h (H4) pre<:. 5.3d Xcln 
(S21, D4, W9) z 

Illa&> Mm (A2) fr • ., (A2) c "'5.7(Kll2) .................. > l(G12'.3) abs. Pb fiss .• desc. 43m Te<UO (P2. Pl3, Cl n 
(A2, H4) P106) &; 

1•• 6.7h (Gl23, Kl08) fr • ., (S21, D4) A 5.6(Gl23, 1.35(Kl08) abs. Al, F. 1.6{Kl08) abs. Pb fiss., d~. <2m Tc1:11 (W7, KHO) ... 
6.6h (S21. D4, W9) KlOS) 1.5(5144) abs. Al 1.3(514-l) abs. Pb (D4, Gl23, K108, 

ll;I 
0 

W9); prec. 9.2h 1111 
IC 

Xc1• (-003) lS21, tQ 

D4, W9); 
tJ 

prec. 
!ill 13mXeu .. ( "'103)(W9) 

1n•> 1.8m (525) fr (525) c . . . . . . . . . ................. . ................... fiss. (S25) ········· ~ 
f: 

111r 30s (525) fr (525) B . . . . . . . . . ................. ·········· ....... fiss .• prec. 3.4m Xe1n(51S} ••••.••• ... 
0 

JUlfl 22.0s (Hlll} fr.{•) (BU. L\05) c .................. . ................ fiss., prcc. XeUIU inst. (RS. 5154) :;i: . . . . . . . ~. 
23s (Ll05, RlOl) n emitttt (L105} 

M XeUI stable 

Xe111 stable ······. (TlOl} A . . ........ .................... .. ............... fiss. (TlOl) mass spcct.; 
desc. 8.0d 1111 

:xe•n stable . . . . . . . (TlOt) A .. . ... . .. ................. . ............... fiss. (TlOl} mass spect. 

:xe111 5.3d (Ell2} fr. 'Y • • - • (Ll) A ········· 0.35(E112) abs. Al, F. 0.085(Ell2) abs. Cu, Xe(d,p) (C2) . ........ 
5.4d·(C2) X-ray 0.33(El03) abs. Al Pb Xe(n,y} (Rl)(?) 

0.32(B3, 516) 0.083(B3) abs. Te(a,n) (C2) 
0.26(W9) X-ray: 0.03l(F' "?) Ba(n,a) (W7, W9, ClOl} 
e-: 0.049(Hl8) spect. abs. Al; 0.04v Cs(n,p) (W7, W9, ClOl} 

(E103) abs. Al fiss., desc. 22h 1111 
(S21, D4, W9) 

~ Xe1
" stable . . . . . . . {TlOl} A ... ... ... . ..................... .. .............. fi.ss. (TlOl) mass spect. 
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Xe1•• 13m (Nll6) I.T., ..,, •- (G-l) A r: 0.50(~116) abs. 0.5-l(:'.'H16) abs. Al, Xc(n,-y) (Rl, S16) 
0 ......... . ......... 

15.6m (Rt, 516) Al; 0.6(Sl6) abs. Al conv. frss., dcsc. 6.7h 11 11 

10m (W9) ""'°-5(W9) abs. Pb ( "'10%) (G4, Sl6); 
0.6(516) abs. Al, prcc. 9.2h Xe136 

conv. (G-l, W9) 

Xe111 9.2h (HloS) ~-. .., (S21, 04) A 5.9(H109) 0.94(H10S) abs. Al, F. 0.25(W9) abs. Pb Xe(J,p) (C2) ......... 
9.4h (S21. W7) 0.96(\V9) abs. Al 0.26(5144) abs. Pb Ba(n,a) (\V7, S~G. W9) 
9.5h (D-1) 0.92(B3) abs. Al fiss., dcsc. 6.7h JUI 

0.90-1.0(Sl«) abs. Al (--00%) (S21, D-l, S16, 
\VD); 13m xe1 11• 

I.T. (W9); prec. >2.S 
X 104y es111 (E107) 

Xe1• stable ........ (TlOl) A ... ...... .................. . . . . ........ fiss. (T 101) _mass spect. 

Xe"' 3.tm {Rl, S16) r (Sl8) B ... ······ --l(Sl8, B3) abs. Al ..... • .......... Xe(n,-y) (Rl, S16) (B2) z 
~.8m (Sl8) fis-.., desc. 30s pir c:: n 

(S18); pre:. 33y f;i 
CslP (Gl23, Tl02) ... 

~ 
Xena> ins tan taaeous • (L105) (L105) c 0.173 of fiss. •: 0.67(,B125) cl. ch. ................. fiss., desc. 22.Ch 1mn . ........ ~ 

(L105) neutrons 0.56(Hl 11) abs. (L105) ~ 
(Hlll) paraffin Q 

Xe1• 17m (G2) r (H4) B ········· ........ .... .. . .. ...... ····· .... fiss., prcc. 32m CsU• (Sl6, H5) z 
16-lSm (SH) (H4, Gl, G2, Sl4) l Xe'· 41s (0109) r (RI, IL":2) A ......... ················· ................. fiss., prec. 7m Cs 1• ········· 
"'30s (H22) (H22, · H4, HS) 

... 
0 

prec. 85m Ba1• ~ 

(D109, HS, H22) 

·Xe'• 16s (0109) r (HS) A· . . . . . . . . . . . . . . . . . . . . . . . . . . ................ fiss., prec. 12.Sd Ba 1• (0108) 
9..& (0102) (H5, B118, 0102, 

Dl03, D109) 

XcHl 3s (0109) r (B118) A . . . . . . . . . . . . . . . . . . . . . . . . . . ................ fiss., prcc. 3.5h La1" . ........ 
1.7s (K119, 0102) (B118); prec. 28d 

Ce'" (0102, 0109} 

Xe'" ls (0109) r (BUS) A . . . . . . . . . . . . . . . . . . . . . . . . . . ................ fiss., prec. 33b eeu• . ........ 
(Bl 18, 0109) ;pre<: • 

• 13.Sd PrUI (0102) 

Xe'" short (0103) r (0103} A . . . . . . . . . . . . . . . . . . . . . . . . . . ................ fig., prcc. 275d Cc1tt(D103) (0102) 

:xeu•> 0.81 (D109) r (A103) c . . . . . . . . . . . . . . . . . . . . . . . . . . ................ fiss., prec. 1.8b CcU•>(0109) ••••• 

Xe 68m (C2) I. T.(l) . . . . . . . . . (C) . . . . . . . . . . . . . . . . . . . . . . . . . . ................ Xe(d,p)(?) (C2) . ........ ~ 
.0: (516) Xe(11,11)(?} (Sl6) ~ 

M Cs111 stable ~ 

I ~ .. ' 



Ca"' > 2.5 x 1()4y (El07) tr A byp. dC9C. 6. 7h I UI 
......... 

~ . . . . . . . . . ......... ·····•·•··•·•···· ............. • ... 
>2 X l()ly (Gl.23. F106) (Gl23, F106. E107) 

CsClll) 13d (Flll, G137) r . ., (F107) c 0.008(F111) .......()~11) ~Al 1.2~111) •· Pb. fiss. (Flll. G137) . . . . . . . . . ..... 
0.0ll(G137) CCIDC. /' COUJC. s 

Cs'• 33y (GHO) ,-. ., (SZT) A ......... 0.5(5()3), 0.8(ti03) 0.75(G136) abs. Pb desc. Xe(ts,-y) (T102) (G104) 
(G13&) ab9. Al. P. 0.7(M113) abs. Pb 137 (F106) not 135 

--0.4(S0%),0.8(M%) fiss., desc. 3.4m Xe11r 

(Mll3) ab9. AI. P. (T102, G123) 137 
(LllO) mass spect. 

esaa 32m (G2. G139) tr • ., (H4. H22) B ········· 2.6(G2) abe. Al 1.2(Gl:N) abs. Pb Ba(ts,I>) (S16) (H5, P109) 
33m (A6. H4, fiss .• desc. 17m Xe1

• 

BUI) (H4. Gt, G2, 514) 
ea1• 7m (H5) tr (H4. H22) A ......... . ................ . ............... fi!s .• desc .• 411 Xe'• (H6. A6} 

lOm (H22) (H4, B22, H5); prec. 
85m Ba 1• (H4, B22) 

C.Cla> 4(':s (H5) tr (H5) c . . . . . . . . . . ................ . ............... fiss. (H5) ......... ! er• short (H5. BUS. tr (H5) A ......... . ................ . ............... fiss..desc.16sXet•prec •••••••••• 
0102. D103, 12.8d Ba'• (H5. H12, 
D109) DllS. 0102, D109, D103) 

I eaia short (BllS. 0102. tr (Bl18) A . . . . . . . . . ···••·•··••······ ................ fiss.. desc. 3s xem .......... 
D109) prec. .3.7h LalU 

(Bl18); prec. 28d 
ecm (0102, D109) !it 

c.ntl> -1-2m (Hl2) tr (H12) D ......... ················· ................ fiss.. prec. 6m Ba!H1>(Hl2) ••.••.•• .i esu• short (BUS. 0102. fr (B118) A ......... . ................ . ............... fiss., desc. ls Xeua (A103) 
D109) prec. 33h eeua i 

(BllS. D109);prcc. 
13.8d Pr11i (0102) 

ea1 .. short (D103) r (D103) A ......... . ................ . . . . . . . . . . . . . . . . fiss., desc. sh0rt xem . ......... 
prec.275d CcW(Dl03) 

Csll•> short (DlOfi) tr (A103) c ......... ···•····••·····•· . . . . . . . . . . . . . . . . fiss.. desc. O.Ss Xet111> ......... 
prec:.1.8h Ce!Ull(Dl09) 

li6 BaUI stable 
Bat• stable •••••••• 0 lowlG147) 
Bat.- stable 
Bal• stable 

Ba•• 85m (0107) tr • ., (H2) A 6.3(K.113) 2.2(B3, K.113) abs. Al 0.6(K.2) abs. Pb. Cu Ba(cl,1>) (P6. K2) (H5, H6) 
86m (P6, H6. H2) Ba(11.-y) (A3. P7) 
87m (H22) . La(ts,I>) (P6, PlO) 

Cc(ts,a) (W3) ~ 
' 

fiss., desc. 7m Cst•(H4. H22) ... 
I 



..... Dbco,_., Fbeioe yield, E.-17 of radiatioa.s in MEV Prod\lttd by aad Other "" s A Half.life ~ iaA-.. a... "' Partida Gamma radiations masauaipmait refuuces ~ w .,. l2.8d (El16) r . .,,.- {H2) A 6.l{Fl08) . 1.05(Wl05) spect. 0.542(Wl05) spect. fiss .• desc. short es1• (PllO,LlOO 
t..:> 

"-'12.Sd (m) 5.8(E110) ......0.4(253), l.0(753) 0.529(Nl01) spect. {H5, Hl2, Bll8, Wl03) 
(E106) abs. Al 0.5(El06) abs. Pb 0102, Dl03, Dl09) 

1.0(Cl09) abs. Al; prec. 40h La1• (H2, 
(Ml13) abs. Al, F. C107, C109, Ml17) 

.- : 0.50 (Wl05) spcct. 

3a- 18m (H12. Gl32) r . ., (Hl2) B 4.6(0133) ................. ., (Gl32) fiss., desc. short esm . ........ 
(Bll8, 0102, D109) 
prec. 3.7h Latu (Hl2) 

,5a(HI) 6m (Hl2) tr (H12) c . . . . . . . . . ················· ................ fi.ss.,desc. l-2m eson> . ........ 
prcc. 74m LaUU) {Hl2} 

J:lalla <0.5m (Hl2) tr (H2) A . . . . . . . . . ................. . ................ fiss., d'9C. short Cs1" . .......... 
(Bl18, Dl09, 0102); 
prcc.19mLatu(H2,H12) z 

3a'" sbcrt (Dl03) tr (D103) A fiss. dcsc, short Cs1" 
~ •......•. ................. . ................ . . . . . .... n 

prec. 275d Cem (D103) &; ... 
B.011> short (Dl09) tr (A103) c . . . . . . . . . ................. . ............... fiss., desc. short es<u1> . ........ l'lj 

prec. 1.8h Ce<uu (Dl09) 0 

!rl La"' stable ~ 
La•• 40.0h (M9, Wf) r . ., (H2) A 0.90(20%). 1.4(703). 0.335(13). 0.49 La(n,y} (M-1, PlO, (Plll, L106, 

~ 
••I•••••• z 40.2b (B106) 2.12(103)(02) (7%). 0.83(143). M9,G5, W4} H12, 

spect. 1.63(743). 2.3 • La(d,p) (P6, PlO, M9, W107, ~ .... 
1.45, ,..,2.2 (low in- (43) (M115) W4) S140) ~ .... 

tensity) (Wl06, spect. Cc(n,p) (W4) 0 

Wl03) spcct. 0.335(23). 0.49 fi.ss., dcsc. 12.Sd Ba1• 
:;;: 

1.41(W4) abs. Al, (5%). 0.87(103). (H2, G2, C107. 
spect. 1.65(773). 2.3 C109, M117) 

1.5(C107, C109, (63) (W106) 140(L110) massspect. 
G131) abs. Al spect. 

1.75(Ml13, B106) 0.333, 0.505, 0.832, 
abs. Al, F. 1.61, 2.52, (02) spect. 

1.69(>973). 2.5 
( <33) (D102) 
abs. Al, c0inc. 

2.0(W4, M9) ~b .. 
Pb; (Ml,M2)i.pect. 

2.l(C107, C109) abs. Pb 

z.a1u 3.7h (K105) tr • .,(?) (H12, B107) B ......... 2.8(K105) abs. Al, F. .,.(?) (K105) fiss., dcsc. 18m Batu . ........ 2: 3.5h (H12) (H12); prec. 28d 
Cem (Bl07, B109) ~ 

\lO 



/\ 

LaUU) 7-im (H12) fJ,., (Hl2) c . .. ...... ................. "f (Kl05) fiss., desc. 6m Bac1u> . ........ z 
77m (K105) (Hl2) 

0 
::: 

Lal'* 19m (Glo.1) fJ- (Hl2, Glo.1) A >4.3{Sl52) . . .. . . . . . .. . .. .. . . .. . . .. ............... fiss., desc. <0.5m Ba ua . ........ ...... 
20m (Hl2) (Hl2, Hl4, Gl03, 

':O ..... 
-15m (Hl4) Bll8, Al03); prec. O> 

33h Celn (Gl03) 

LalH short (0103) fJ (0103) A .......... . ................ . ............... fiss., desc. short Ba1u (0102) 
prec. 275d Ce1u (Dl03) 

1.a<1•> short (0109) fJ (A103) c . . . . . . . . . ................. . ................. fiss., desc. short Baum . ........ 
prec.1.8hCe'1"> (Dl09) 

• ee1
• stable 

ee1u 28d (B122) fJ • ., (HS) A 5.7(S102) 0.55(B114, Mll3) 0.21(Bl14) abs. Pb Ce(d,p) (P9, B122) (G131. 
30d (P9) abs. Al, F. 0.22(M113) abs. Pb Ce(n,.,) (P9, Bll4) P114) 

0.65(P9) abs. Al 0.2(P9) abs. Pb Ce(n,2n) (P9, Bll4) 
Ba(a,7') (P9) 
Pr(•.P) (P9) z 
fiss., desc. 3.7b Laut ~ 

n 
(B107, B109) ~ 

I 141(L110) massspcct. '"4 

Ce'" stable 
"::! 
0 
~ 

CeHI 33h (Bll4) fJ,., (S139) A 5.4(K114) 1.35(Bll4) aLs. Al, 0.5(B114) aM. Pb Ce(d,f>) (P9) (B122, (B107, s: 
l"t 

32h (Ell3) F.; (E113) abs. Al B114) Pll2) t:J 

36b (P9) Ce(n,.,) (P9, B114) z 
fiss., desc. 19m LalU ~ 

(G103); prec. 13.Sd 
... 
'!IJ 
ti) 

Pr"1 (P9, Bl22, B114) .... 
0 

143(Bl14) not prod. z 
by Cc(n,2n) 

143 (LllO) massspcct. 

Ce'" 275d (Bl24) fJ (HS) A 5.3(R102) 0.348(N105) spcct. no., (Slll) fiss., dcsc. short Lam (P.115) 
300d (HU, B3) "--0.3(Wll2) abs. Al, (0103, AlOl); prec. 

F.; (N107_ !lbs. Al 17.5m Pr1" (Nl07, 
Bl22, HU, Slll, 
LllO, Gl30i 

144 (LllO) massspect. 

ecu•> l.8h (BIOS) tr (BIOS. c ......•.. ................. . ........... .. fiss., dcsc. short La (lU) (B104) 
B104) (B109, 0109);prec. 

4.5h Pr0U) (~108, K106) 

CeU•> 14.6m (S103) fJ (G7) c fiss., prec. 24.6m t.:> ......... ................. . ............... . ......... 
""" ..... ism (G7) PrO•> (G7, H14, 5103) Cl) 
ell 



Nlldns Dl.-o,_,. Pi.._ yie)d, B-a ol radi&U.... la MeY Produced by aDd Other t..:> z A Half-Ille Decay ia tba>oa ClaM '!ft Partida Gamma radlatioca maN uaipmeut rcfcnDCetl t; 
59 Pr"' stable 

~ 

Pr'" 13.Sd (Ml04) ,..- (BlOl, A. .......... l.O(M104, Bll4) abs. no-, (Bl14, M104) tiss., desc. 33h Ccm (Hl4, Bl03, 
Ud (Bl02) Bl02) Al, F. (P9, B122, Bl14) Pll3) 
H.2d (0101} 0.95(P9) 143(Ll10) massspect. 
13.5d (P9, Cl06) 

PrlH 17.5m (Nl07, r . .,, .- (Nl07, Hl4, A .... . . . . . . 3.07(Nl05) spcct.. 0.135, 0.145(?) fiss., desc. 2i5d Ce"' ......... 
Sill) Gl30) 3.0(Wl 12) abs. Al, (NlOS) spect. (Nl07, Bl22, Hl4, 

18m (G130) F.; (G130) abs. Al conv, Gl30, Slll, LUO) 
17m (Hl4) 3. l(B3, H14) abs. Al 0.22, 1.25 (low inten- 14-l ( L 110) mass spect. 

3.2(Mll3) abs. Al, F. sity) (Slll) abs. 
2.8(Nl07, B122) Pb 
.-: 0.091, 0.128, 

0.103(?) (NlOS) spttt. 
PrU•l 45b (Kl06) r (BlOl, c 3.l(K106) abs. Al, F. no-, (Kl06) fiss., dcsc. 1.Sh Ce<uo ......... z .......... Cl 

4.7h (BlCIS) B108) (BIOS. Kl06) (') 

Prllll) 24.6m (SlOl) r . ., (G7) c --3(5101) abs. Al 1.4(5101) abs. Pb fiss., desc. 14.6m Cell"> •...•.•.• f;; . ......... ... 
25m (G7) (G7, 5103) "%! 

90 Nd161 stable I Nd1tt stable 

Nd1• stable '2 
Nd1• stable :3' 
Nd1• 11.0d (Mll9) r . ., .• -. (DlOl, A 2.6(~Ul9) --0.4(403). 0.00 0.58(M119)abs. Pb Nd(11,-y) (M122, (SllO) ~ 

X-ray MlOO} (603) (Mll9) abs. X-ray: -0.040 M103) 0 

Al, F. (Mll9) abs. Al fiss., p~ 3. 7y 61'" 
~ 

.- : 0.03(M119) abs. (Ml20, M108) 
Al 147(Ml19, M103) fiss. yld. 

147 {LllO) mass spect. 

Nd1• stable 
NdU•> 1.7h CM1zn r . ., (II' ......... (C) . .......... l.5(Ml22) abe.. Al, F. -, m X-ray {Ml22) Nd(d,p) (PIO) (Ml02) 

2.0b (PlO) X-ray Nd(11,y) (PIO, Ml22) 
Nd(11,211) (PlO) 

Nd• stable 
Ndl•U short (Ml22) ,..- . . .. . . . . .. . (D) . . .. . . . . . . . ................ ........ .. ........ Nd(11,y) prec. 12m ......... 

61 mn (Ml22} 

61 61'" 3.7y (5113) r (BllO, A ............. 0.20(M120. 5112}abs. no -, (M120, SI 12) Nd(n,-y) desc. ltd ......... 
4y (Bl12~ G130, Al, F.; (G130, ~d 1 H (Ml20) 
2..2)' (5113) - Ml03) BllO, Bll2} abs. Al fiss., desc. lld NdH7 ~ (M120, Ml08) 

147(Ll 10, H102) mass spect. ~ 



611•· 47h (M121j r . .,, (M105) B l.4(M121) l.l(M121) abs. Al, F. 0.25 (low intcn~ity) Nd{JJ,-r) dcsc. Ndlld> (Ml08) z 
X-ray(?) (M121) abs. Pb (Ml22, Ml06, M102) ~ 

X-ray(?) (M121) fiss., dcsc. l.7h NdO•>(?)(M122) ,_. 
149(Ml02, M105).fiss. yld. :e 

61<•0 12m (M122) fr (D) Nd(11,.,) d~. sbcrt ~ .......... . . . . . . . . . . ................. . ................. ..... •.• .. 
NdUIU (Ml22) 

61'11 <5m (Wll8) tr ····· .... A . . . . . . . . . ................... . ................ byp. prec. 47h SmUI (W118) 
61'• <5m (Wll8) tr .......... B ......... .................. . ............... byp. prec. "'lOh Sm"' (W118) 

fS2 SmlG stable 
Sm'• stable 
$mOiU loo.i (1.110) ••...•.•. (1.109) D .......... ................. . ................ fiss. (LUO) massspect ••.•.••••• 
Sm .. stable 
Sm .. 47b (Wl16, u. fr,., (Wll5) A 0.15(t) 0.73(Wl16) abe. Al. 0.10, 0.57(Wl16) Sm(d,/I) (U, K5) ......... 

K5, Ml02) I. T.(?)(W8} (Elll) F. abs. Cu, Pb Sm(JJ,.,) (Hl9, H20, 
0.7(Ml02} abe. Al. F. 0.11, ....0.6(Mll4) P10,L4,\V8,Ml02) 

spect. Sm(11,211) (PlO. K5) z X-ray(?) (W8) Sm(.,,11) (L4); Nd(a,,.) (K5) ct 
fiss.,dcsc, <5m611M (W118) e 153(Wl16) fi'lS. yld. 
153(H113) mass spect. 

.... 

I Sm"' stable 
Sm• 25m (Wll8) r . ., (Wl18) B · 0.031(Wll8) l.9(W118) abs. Al, F. --0.3{Wl18) abs. Pb Sm(d./I) (L4, K5) ......... 

21m (PlO) l.8lK5) abs. Al Sm(11,-y) (A3, M4, ~ 

H19, PlO, L4) ~ 
Sm(11,2JJ) (?) (PlO, KS), i Sm(..,, x) (U); Nd(a,11) (K5) 
fiss., pnc. 2y Eu• l?l (WUS) 

~ 155(Wl18) fiss. yld.-ener. 

Sm* rwlOh (W116) r (W113) B ....0.016(Wl19) ......0.8(Wll9) abs. Al .. . . . . . . . .... . .. fiss., byp. prtt. 15.4d ......... 
EulM (Wll3, Wl16) 

byp. desc. <.D 611• (WllS) 
156 (Wl19) fiss. yld. 

63 Eu'" stable 

Eu'" stable 

Eu"" 2y (Wll7) tr • ., (WllO) A ......0.03 ......0.23(W110) abs. Al 0.0844(WBO) criti- Sm(d,,,){?) (K6) ......... 
(Wi13) cal abs. in P' ' u, fiss. (Wl 10) 

Hg, Tl, Pb 155(Wl13) fiss. ytd. 
155 (LllO) massspect. 

EulM 15Ad (WllO) fr, 'Y (W108) B 0.013(Wl13) -<l.5 (603). 2.4 2.0(W110) abs. Pb fiss., desc . ....,lOh .......... 
(40%)(Wll0) abs. SmUI (Wl13, Wll6) ~ Al, F. 156(W113) fiss. yld.-encr. (1t 

........ ~.... ,,.,,.,_.;_ ..... __ 
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TABLB II 

T ABLB OP FISSION PJtooucrs: CH.UNS AND YIBU>S 
Part 1. Liiht Group 
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A8 " Br 
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Sr 
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• 

• 
• 
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• 
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• 

78 • 
77 • 
71 • 
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7't • 
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11 { : 
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a{: .. . 
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t1 
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• 
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• 
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• • 

• 
• 
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• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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• 
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• 
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• 
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• ~-10,.-- • • 
• stable 19.!>J-)o-stable • 
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• 
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• 
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yield, 3 

1.5 x 10-1 

1.0 x 10-• 

0.0091 

0.02 
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2.1x10-1• 

0.40 

o." 
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2 x 10-1. 
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107 • 

IOI ~ 
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• 
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• 
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• 
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• 
• 
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• 
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• 
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• 
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• 
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yield, 3 

-a 
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0.0008 
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117 • • 
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• 
• 
• 
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• 

• • 
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• 
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• 
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• 
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• 
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• 
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• 

• • 
• 
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• 
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• 
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• 
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• 
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• 
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• 

·2.83~1.95h+stable 0.01 

• • { : • 
• • • • • • • 

• • • 
• • • • • • • .. • 

Z• Ga Ge All Se Br :S::r R.b Sr Y Zr Cb Mo U R.a R.h Pd 

• Y'Jeld of 34h Bil' formed directly in fission; not representative of total chain yield. • Yield of 19.5d Rb" formed dir .. ctly 
chain yield. •Delayed neutron yield based on fission neutrons rather than on fissions. 4 Instantaneous, via delayed neutrons. 
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No. 

111 

119 
120 

(121) 

(121. 123) 

m 
(123) 

lH 

125 
(W) 

(126) 

l27 { 

121 

129 { 

130 

111 { 

(132) 

133 
(lM) 

lSS I 
l 

(134) 

(117) { 

137 
138 
lSt 
HO 

Hl 
(lU> 
HS 
H4 

(1'5) 

(l-16) 

, I 

TABLE OP FISSION Pllooucrs: CHAINS AND YIELDS (Continued) 

Part 2. Heavy Group 
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stable 
stable 
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Sb 

• 
• 

stable • 

G21:a ) stable 

l~e 

stable • 

lOd ) stable 

52 
Te 

• 
• 
• 
• 
• 
• 
• 

stable • • 

(9m}--)--2. :'J'-7-stable 

S3 
I 
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• 
• 
• 
• 
• 
• 
• 
• 

-20m ) ? • • 

.~t~. 

• • -llOd. • _.,.-.. F 
• 93i;'"' ) 9.~ble 

• stable • 

M 
Xe 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 

• • ..-Y3?d • • 
--- "' 4 • 

• 
• 
• 

4.~7~•- lolac--+Rabl• 

• stable • • 

• 30la • • 

• + 2Sm )8.0d )stabl.c 

M 
Cs 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

. .. 
• 
• 
• 
• 
• 

: . 
• 

• "'"6m~77lt--+2. 4h ) stabl" • 

• <lOm )80m )22!a )5.3U )stable 
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Ba 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• <lOm ) dm ) 54115 ) stabll' • • 

• 
• 
• 
• 
• 
• 
• 

• -1- )l • • • 

• • • ~13+ C-lO'J.) • • 

• <2~.71a )9.212-4>2.5 X lO'J'---)-stable 

• 
• 
• 
• 

• 
• 
• 
• 

l.8m ) stable-+----13d ) stable 
.+ 

22.~Dt.· • • 
• "'--->- l • • 
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La 
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• 

58 
Ce 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

59 
Pr 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

60 
Nd 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• • • • l7m ) 32m ) stable • • • • 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Us ) 7m ) 85m ) !lt&ble • • • 
Uls ) abort 12.lld-).40.0b-+stable • '' 
• 409 )>? • • • • 
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(llSa>l • • • • • • 
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• 
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