
DETI]NMINATIOII OF THE CHARGE OF A iIEAVY NUCLEUS

V. B. Senikoz
Submitted, 2lr llarch 1959
zhETF Pis. Red. 9, No. 9, 53\-537 (: tqav rg5g)

Much attention has been pai i l  recently to Fowlerrs reports of detection of nuclei with

charge Z = 92 t l+ in cosmic rays [f ] ,  a,nd accorit ing to the latest data also vith Z = p2, 10L1

and 1OB. Fovler has assr.u"ed that his detemination of Z is accurate to q"2%.

We present in this paper a refinenent of the theoretical forrnulas used to cletermi.ne the

charges of relat ivist ic healry nuclei.

As is vel l  known, in the case of electromagnetic interactions of nuclei with l ight a.nd

medium elements moving at very low velocit ies, the Borrr approximation is val ialwith suff icient

accuracy, In this approxiurat ion, the i lensity of the emulsion blackening, the i .onization loss

in the chanbervith the rarefied gas, a^nd the Cerenkov rad.iation loss are all proportional to

Z',  However, for nuclei whose charge satisf ies the concl i iLon Z/I37 g ! 1r i t  is necessary to

take into account the next higher tenns of the perturbation-theory series. Here B i .s the

velocity of the inconing nucleus.

TLre estimates that fol lov shov that the cafculated corrections exceed the incEcated

experimental errors of Fovlerrs results already in the seconcl Born approxirnation.
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The need for taking into account the higher-ord.ers of perturbation theory vas already

eneountered earl ier in an analysi.s [2r 3] of the experirnental data on the electromagnetic

structure of heavy nuclei (Hofstadterrs accelerator experlments). In the second order of

perturbation theory, the crosg seetlon for the scattering of electrons by the Coulonb f ield

of a heavy nucleus vas obtained in analyt ic foprn [2, l+].

It is obvious that ln the case of 6-electron production by a heavy nuclew ve have the

inverse klnenatic problem. If  we use the results of Feshbach [a] arA Dali tz [ l+],  t tren a

sinple kinematic recalculat ion fron the c.m.s. of the col l iding part icles to the rest system

of the emul-sion nuclei,  folJ.owed. by elementary integration of the d. i f ferentiel cross section,

yields a.formula for the nuaber of 6-electrons per centirneter of heavy-part icle track,

accura te  to  te rns  o f  o rder  (z^ )3 ,
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vhere l{ ts t}re nurober of electron" p"" "r3 of emulsion, n mass, r the classical radius of the

electron, *d r*1rr(.ax) the ninimar (maxlrnal) registered. 6-electron energy.

We assune that lrrn = l0 keV *d fro = f50 keV. We note that the range of 50-keV 6

electrong i" R 
lrr:10 lr for an emulsion nith d.ensity p = l+ g/cn3. The range R..n corresponds

to that ninimun clietance from the "corettof the heary-particle tracks, at vhich the photometry

of the blackening protlucecl by the particte is ltartea (* tO u ln Forlerrs experiments).

Since the photographic i lensity of the eilver grains is proportional to the ionization

or to the nr:rnber of 6 electrons [5]r t]-re_..correction for the second approximation has the same
form vhether one counts the nulber of 6 electrons or gralns in the emulsion, or vhether one

uses the photoretrlc method.

The correction as a vhole ie detenoined by the expression in the brackets of (f) a^nd

equals

A - i-o:Id- ,
N8

vhere Nf, ls the nunber of 6 electrons in the Born approxination.o
'Ihe value of A does not d.epend on the conuron factor (S2)-I, the influence of vhich is

appreciable 1f the particle velocity ls inaccurately cletermined.

In FovLerrs experinents If] no account was ta.l,,en of the second perturbation-theoty

approximation, since the unknovn charge vas determined by conparing the photographic d.ensities
producedby a relativisitc iron nucleus (or") a.ndby the rmknown heaqy particle (D*), using
the formula

'"2"8
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It is &ssuned here that the particles have an equalJ-y large velocity (g T, f), so that

the photographic density does not tlepencl on the velocity and varles in proporti on to * 22,

For the iron nucleus (Z = Z6), tire introduced correctlon is approximately snaller than

for the Te nueleus (Z= 5Z) (see the table), i.e., the first Bort approxinatlon actually

sufflces for iron. For the remaining nuclei, the charge shoulatbe reduced in accorda^nce wlth

the fontul-a

Z -  Z( t t  1 t  _  L /2 )  , ( r )

( r  )
where Z\'' is the charge iletermined frorn the formulas of the Born approxination.

fhe correction is particularly large for hlgb geonagnetlc lattitucles, vhere the srnallnese

of the velocity B, which enters into the Coulomb paraneter Zcr/B, comes into play. In this

case, hovever, it is necessa,ry to take into account all the succeedi.ng terns of the

perturbation-theory serj.eg, or else to use numerical calculations vith the aid of a phase-

shi ft analys is [ 3 ] .
/ r  \

( l a z l  =  l z v t - z l ) .The numerical results are }istetl in the table

p
Te(Z= 621 v (z =021 z l l 4

L % I Azl A % i  azl A % I Lzl

0,8S 12,5 > 3 20, I > 0 23,:l > 1 3

0,92 10,4 > 2 l ? a 20 - l l

0,95 8;? > 2 14,4 > 6 17,3 - 1 0

0,99 412 > l 7,2 > 3 8,8 - 5

It ls also easy to estimate ttre contribution of the second Born approximation to the

ionization losses vhen a heaqg particle passes through a charnber vith a rarefied gas. In this

approximation, the cafculations were nrade vithout allorance for the bound states of the

electrons in the atoms of the target gas, and the numerical results coi'respond approximately

to the nurnbers indicatecl in.the tab1e. It seems to w that in the Cerenkov-counter nethocl it

is also necessary to take into account the ernission of two photons by the heavy nucleus ( second

Born approxiraation).

In concLusion, the author thanks I. L. Rozenthal| and G. N. Flerov for useful dis-

cussions.
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