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cul£tion was made for semiconductors, whereas 
our result is for a metal, so that a quantitative 
comparison is hardly possible. Nevertheless the 
existence of a resistivity maximum in the region 
of the magnetic transition of metals confirms the 
theory and the deductions made from our previous 
work about the effect of disorder of the magnetic 
moment on the electrical resistivity of ferromag­
nets at low temperatures. 
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THERE is great interest at present in a test of the 
form factors in the theory of the weak interaction. 
These form factors are commonly expressed by 
"weak magnetism" terms and by pseudoscalar in­
teraction terms .1 Unfortunately, however, this 
effect is small in beta decay, is difficult to exam­
ine, and up to now has not been observed.2 In the 
present note we calculate the process of J.L capture 
by spin-% nuclei without emission of neutrons and 
protons, supposing that after the capture the nucleus 
makes a transition from the spin-% state to the 
spin-% state. The density matrix of the initial 
state has the form3 

(1) 

~p and ~J.L are the polarizations of the nucleus and 
the muon; they are equal to each other for the trip­
let state and equal to zero for the singlet state; € 

= % for the triplet state and € = -1 for the sing­
let state. The density matrix can also be written 
in an analytic form for a mixed state. Here € 

takes on values between -1 and % and character­
izes the distribution of muons between the singlet 
and triplet states. We will take as the nuclear ma­
trix element that of Chou Kuang-Chao and Maev­
ski'L. 4 We neglect the momenta of the proton and 
muon in the initial state. After calculation we get 
the probability for the transition of the nucleus 
from spin-Y2 to spin-% in the form 

W = (G2Z3j2;r2a~) N 0 1 Ma.r.l 2q2 (1- qjAmp), 

N0 = (1 + s)[i-2 + ¥(2p.+2-f-: ),) 

- ~; (fL + 1) (2f- 2),- fL ~-1 lj' + ~ (p. + f + 1 - 1-) 2 • 

. (2) 

Here G is the Fermi constant; aJ.L is the muon 
Bohr-orbit radius; q is the neutrino energy, A. is 
the ratio of the Gamow-Teller and Fermi constants, 
equal to 1.25 for beta decay; J.L is the anomalous 
gyromagnetic ratio which characterizes "weak mag­
netism" and is equal to 3. 7; f is the pseudoscalar 
coupling constant, equal to about SA. for muon cap­
ture by protons; {3 = q/mp; A is the atomic num­
ber; I MGT 12 is the square of the matrix element 
for Gamow-Teller transitions, which, as Ioffe 
showed, 5 is equal to 

I MaT 12 = IM~ T 12 (1 - 1/sq2 (r2)A), (3) 

where M~T is the matrix element for the corre­
sponding beta decay, < r 2 >A is the mean square 
charge radius, corresponding to the axial vector 
transition and equal to the square of the radius ob­
tained from the transition of nuclei related to a 
single isotopic multiplet. 

We see from (2) that if the muon is captured by 
a nucleus in the singlet state, that is, E = -1, and 
if the process is considered without form factors, 
then J.L = f = 0 and A. = 1, and this .process is com­
pletely forbidden in our approximation. But if a 
form factor exists, then this transition is possible 
and its probability is on the order of % of the or­
dinary transition. In such a way, an experiment 
on capture in the singlet state can serve as a cri­
terion for the presence of form factors. 

The result obtained is connected with the fact 
that in the transition considered the neutrino is 
always in the J = % state if the muon and nucleus 
are in the singlet state, and conservation of angu­
lar momentum completely forbids this process, 
except when the neutrino carries away orbital mo­
mentum. As is well known, a form factor is al­
ways tied up with l = 0. Therefore, if the number 
of neutrinos with J = % is small, the contribution 
from the form factors is comparable to that from 
other terms which we neglect. An analogous situ­
ation exists in nuclei with spin greater than %. 
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It is well known that for f..t capture from a 
singlet state in a metal, a muon which is in a 
higher state in the hyperfine structure has a 
large probability of making a transition into a 
lower state and giving its energy to a conduction 
electron. 6 For example, the probability of such a 
transition in Al is ,..., 106 sec-1• Thus for light nu­
clei we can test for the presence of a form factor 
by comparing the transition probabilities in metals 
and nonmetals. The muons in nonmetals are dis­
tributed statistically among the hyperfine state 
levels (if there is not some other kind of transi­
tion mechanism). In addition, a muon in a higher 
hyperfine state can also make a magnetic dipole 
transition to a lower state. It is known7 that the 
probability of this transition varies as Z *q, where 
Z* is the effective charge. Thus for nuclei heavy 
enough to have an effective charge greater than 35, 
almost all the muons at a high hyperfine level make 
the transition to a lower state. Of course, a strong 
magnetic field would effect the magnetic dipole 
transition, and we could change the distribution of 
muons among the states of the hyperfine distribu­
tion. 

MOMENTUM DISTRIBUTION OF PARTI­
CLES PRODUCED IN INELASTIC N-N 
COLLISIONS ATE= 9 Bev 

V. S. BARASHENKOV, WANG PEl, and V. M. 
MAL'TSEV 

Joint Institute for Nuclear Research 

Submitted to JETP editor November 13, 1959 

J. Exptl. Theoret. Phys. (U.S.S.R.) 38, 650-652 
(February, 1960) 

FIGURES 1 and 2 show theoretical and experimen­
tal momentum spectra of particles of different 
kinds, produced in inelastic collisions between nu­
cleons (in the center-of-mass system of the col­
liding nucleons). The theoretical spectra are cal­
culated with the statistical theory,1 while the ex­
perimental results are taken from reference 2. 
Statistical measurement errors are indicated. 

The table lists the values of the average mo­
menta of the nucleons and pions, p, calculated 
from the data of Figs. 1 and 2. The experimental 
values of p for the laboratory system of coordi­
nates were obtained by the Lorentz transformation 
from the mass system under the assumption that 
in the p-p collisions the angular distributions of 
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Pt.s.• Bev,'c 

iJc.m.s., Bev jc 

I Pions Protons 

I ~·------~--
1 Experi- !The- Experi- I' Th 
[ ment ory ment eory 

i\1.0±0.211.46 3.6±0.5 ! 2.9 

0.40±0.1[0.571.24±0.25[ 0.79 

the pions and nucleons in the center-of-mass sys­
tem are symmetrical with respect to the angle 
e = 1r/2. (This assumption agrees with the theo­
retical and experimental results obtained in ref­
erences 3 and 4.) The values obtained are close 
to the values of p obtained in reference 5 from 
an analysis of the interaction between protons and 
photoemulsion nuclei, p ~ Psp = ( 3.0 ± 0.5) Bev/c 
for protons and p ~ Ps1r = (1.0 ± 0.2) Bev/c for 
pions ( Psp is the momentum of fast protons, Ps1r 
is the momentum of fast pions ) . 

It is seen from the table and from the diagrams 
that the experimental momentum spectra of the nu­
cleons are harder and the spectra of the pions are 
softer than those calculated theoretically. Accord­
ingly, the theoretical energy losses to the produc­
tion of new particles in one act of inelastic p-p in­
teraction, t..E, is equal to "' 58% of the primary­
nucleon energy (of which approximately 50% is 
consumed for the production of pions and approxi-


