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YIELDS OF MAN.-:ANESE IN SPALLATION REA.CTIOfrS 

Norman A. Bonner* and William C. Orr 
Radiation Laboratory and Department of Chemistljr 
University of California, Berkele~r, California 

-------------------------------------------------------------------·--------* Present address: Department of Chemistry, Washington Universit;)r, St. Louis, Mo. 

One approach previously used in the study of hieh energy spallation reeotiohs 

involves the bombardment of a single target isotope and the determination of the 

1 relative yields of many products. In the present work a complementary approach 

(1) B. B. Cunningham~ .1!J., Phys. Rev. 1.?:, 739 (1947); H. H. Hopkins,Jr., and 
B. B. Cunningham, Ph;)rS. Rev. 1..2, 1406 (1943) • 

has been used: the bombardment of a variety of elements and t!1e determination of 

the yields of tvm particular product isotopes. This method has the advantar;e that 

yields can be compared more exactly, since the same radiation is always measured. 

It also has the disadvantar:e that most of the tarc;et elements have several stable 

isotones, so that the roactinr; nucleus cannot be tmi'}uely specified. All of the 

elements (excepting only rubidium and kr;;rpton) from atomic number 24 (chromi1.un) to 

38 (strontium) wore bonbarded 1.·.:ith 190-Mev deuterons in the 1~4-inch cyclotron. 

The yields of 5.3-da~r Mn52 and 2 .. 59-hr. Mn56 were determined. 

After each bombardment tho tarp;et was dissolved and a known amount of ina~tivo 

manganese was added, together with carriers for the other clements possibly pro-

ducod. The manganese was separated chemically and the deca:~r of its activity was 

followed. The chemical procedures used wore varied doponding on tho tareet 

elomontJ more complicated procedures being rcqtdrod for those far from manGanese 

becaur.o of tho lorr yields. Tho purest available materials (usually Hilger's 

"spectroscopically pure" grad0) were used for targets. 

In order to compare tho yields from one bombardment '7ith those from another, a 

monitor target was included in each experiment. A piece of 10 mil copper foil 
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cut to tho exact shape and area of the target was placed imnediatoly 'behind tho 

tars-at clurin$ exposure to tho deuteron beam. Sine o all tarp:ots usod wore t),in, it 

was assumed that each copl)cr monitor foil roccivcd tho same irradiation as tho 

accompanying tar~ot. Tho yield of cu64 in the monitor was tnkon to be a nensurc 

of th.-:; relative intensity of the deuteron boam. 

The iaoasured activi tics wore corrected to infini to bonbardmont timo and 100% 

chemical y·icld. In adc1.ition, tho countinc; efficiency of Mn52 was assumed to be 

4a/o relative to that of F'ln56 and corrected accordinely. (IJn52 doco.;>rs 35% by 

positron emission, 65% by K capturo2; tho Ill/a figuro includes tho contribution of 

(2) Vi. M. Good, D. Peaslee, and M. Deutsch, Ph:ts. Rev. 

electromagnetic ra0iation to the cetmting rate.) 

Tho data aro presented :i.n Fig. 1. Tho relative cross section, cr, is equal to 

the corrected manganese activity per mole of tar~ot clonont divided by the correct

ed cu64 activit:>r per mole of cop:ocr monitor. Tho uncertainty attached to oach 

determination is indicated b;r tho size of tho plotted point, 

It should bo noted thnt tho :>~iold of t:1e 21-m.inuto isomer of Hn52 which doca~·s3 

·-------------
(3) R. K. Osborne and H. Deutsch, Phys. Rev. 71, 467 (1947). 

--·· ---·------------
directly to Cr52 has not boon included. Tho total yields of Hn52 arc therefore 

somovJhat higher than tho data indicnto. 

Tho absolute cross section corro;sponding to e1-~ 1 is npproxir.mtol~· 0.03 barn, 

according to a recent diroet d~tcrninntion4 of tho cross section for cu64 • 
.. -

(4) R. Batzel, privata coru:mnication. 

------·-------·--
It is of interest that t~1o fluctnations by which. tho data doviato from smooth 

curves can bo cori:olatod with tho distribution of stable isoto JOS present in tho 
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no.turnl olononts used ns targets, torrcther with tho vo.rio.tions in oxcitntion 

cnor.:y ror~uirod for reaction of tho different isotopes. Tho exci tettion one:r:-r;ios 

rro:re ostimo.tod with tho assumption that al;)ha-particlcs arc favored over other 

charged pnrticlos in their ovapor(!tion fror1 excited nuclei, nnd the ac:roomont 

obtained affords some SU!Jport for th:i.s hypothesis. 

Tho coopcrntion of tho 1G4-inch cyclotron crow in porfornin=; tho bor~bardnonts 

is grntofull;:t ncknowlod~od. This nark was porfornod under tho auspices of tho 

United States Atomic Energy Conr:J.ission. 

Legend for Fi;~uro 1: Relative cross sections for tho production of trro n:mganoso 

isotopes by bonbardmont of various olomonts with 190-Hov 

deuterons. Po~_nts with. arrons attached represent up:;or 

liraits. 




