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The various moson effects on deuterium are of great theoretiocal and ex=
poerimental interest, Meson absorption by deuterium, as in the case of the
photceﬁ'oet on douterium, sust be accompanied by specific decey of deute-
riu.m. This effect turns out to be vory sensitive to the type of meson field
(ecalar, nseudoscalnr, ote,), See B, L, Foynberg, Journnl of Physice Vol 5,
P77 (1941), During absorption by deuterium of o meson with integral svin,
there appoar two nucloons each with kinetio enorgy equal to hnlf the meson's
rest mass, If the spin of the absorbed meson is % , then the absomtion of
the meson must be accompanied by the emisnion of anothar particle with svin 4,
This fact muat have as its Gonsequence non-monochromaticity of the energy

apectrum of the meson-nucleons (namely, nucleons of the disintegrated deute-

rium),

It ie very essential that the effects, which are orposite to the prece-
ding ones, possess unexpectedly large cross sections, ms indicated by calcu~
latione, The captnre of fast neutrons.by protons, that is, deuterium forma-
tion, ‘with emission, for example, of a neutral meson, considerably exceeds
the radiation loss of mesons, at the threshold of the effect,

For neutral mesone the a"nove-mentioned oprosite effect can be one of the
nost interesting meson effects on deuterium, Let us therefore consider as an

example the formation of neutral, scalar, end pseudoscalar mesons by such -

Reans,

I, Width of Potential Well Dquals Zero.
limit
(a) Scalar meson, Let u’n/ curselves to an approximation of two-dimensional
waves in the ground state of the nuclaons.

Let p » T rand pl" rr Yo respectively the momentum gnd coordinate of tho

neutron and proton in the laboratory system of coordinaten: x *is tha spin

i‘unetiono “ and kp‘ are the energy aad wave vector of tha meson; and V is the

normed volune, GQNHDENTM!‘
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Tupther let R be the coordinate of the nucleons' center of sravity and

Jet ¢ bo the distonce between the nucleons,
In this system o2 coordinntes the wave function of tho ground state and

the function of intoraction are rospoouvoly rowritten as follows:

e=§

%(R )= 63(‘& ?r’? ""ﬁ' FP’F x'"s = Eé& s 4 (1)

L
H(/?r)-,gﬁc}/"” at (e ~hPR 4 o f/z).e- “® (2

The wave function o: the final lhte of the system is taken in the

following £ 3 R
ollowing form: %’:__ V"é"@ (/_)X (3

where phi f(r)h the "internal! wave function of the deuteriu.m. which in the

well of zero width ic written in the vell-imown form:

g = Y& 5 ()

tho nucleon's mase, and epsilon £ is the deuterium's

cane of a notential

here alpha M=V£’-ﬁz_-£-. M is

Yond energy.
Oorrespondtne matrical elements are writtan in the following manner:

VAN V-B" P—e SR *f%ik )T, dv,. (5)

Keenin,r in mind that deuterium is formed only for pnranal spins of

nucleons and that interaction (2) does not vary the orientation of the spins

we select the ground etates of nucleons with parallel spine, Then the differ-

ential cross nection 1s obtained in the following forms

c/d‘-—/,?rl‘;—c 792/; /‘7 az,,_//z'/'“_,_/[z.}%ﬁ, (6
where  p2— (Z, ——?/2) 5 j ""(5 /,/2) L] ()

— e
7 = ig the momentum of the nucleon, B is the nucleon's energy in the
-\

centroid syntem- /0 and B Y are the momentum and energy of the meson.

- Integrating (6) with reepect to the angle and rega
comparison with,f an&j , we obtain the total cross section of the effect:

-—-4!877'3 &ﬁ) }zﬂz M)(/zc)“[; _é‘)z'/‘

T, 2
where nru/_( 1@@}19 me{‘nt, maaf "'/ /2,g (/?‘C/(E +2/Me ))

rding 0( as small in

(8)

The megnitude of the meson's momentum P cen be obtained from the law

of preservation of energy: E-/'é == E -+ E

=/ %/M +// c >+ “c*‘

LE)

}
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i!on 2B is the kinetic enorgy of tho nucleons in the centroid eystem and Ip
is the kinetic enorgy of the deuterium, From (9) 1t follows
ﬂf = t//"/-[zE+€ +aMc =Y (16+s +zr1¢‘)"—(zs+e)‘+}t ‘C”J(lo)

Sotting 4%/%c = //4 s /-l//“ = ¢, Efc’= o0,
(TZM‘) =/é 0% con ,/ =2ME, X""ZéZaC, —/’///c, (12)

we obtain (8) and (10) in the followi
1o=24

TER {'4""5’ (Wxﬁ;

for

(12)

Y
} W—Hz.a

(") (a“?‘j
_3 == 25,6 §x+|26 VGFiz e)'-—x“-o-u}
Figuro 1 ohows a ourve desoribing the denendence of cross section uvon

energy (Note: Mims Chelthovich did the computation necessnry for the drawing
of these curves)., The maximum orose section reaches the value of approximnte-
1y 1027 on? vhen the nucleons's energy equal 1,3 (28=1,3) in units of
meson masg,

(b) Peseudoscolar meson, The internction of nucleons with vseudoscaler

mesonic ﬂeld is described in tha centroid. lyntem in the following :('orm:
H ,(,mc g »E’u [ O'k ] e ' (15)

By ordinary methods we obtain the integral cross mection corresponding

to this case: Tpe = VB + £
3

lze:'”{ — +’i“.*.£i".:‘23 g__._i_‘

—Vx e YT Z e Yy Vekry S Y 1y=+iz.8 (13

Comparing the pseudoscalar case (?.3) with the scalar case (12), we see
that the spin operators entering the intersction (15) changed somewhat the
numerical coefficients of the ta‘rm in the expression of the integral cross
section (12), but the derivative in the interaction of the peeudoscalar case
led to the appearance in (13) of an extra y2 (that is, the squape of the meson's
monfe'ﬂtum) +» This fact causes a very different behavior in the phenomenon near
the threshold of the same effect (small momenta of the generated mesons),

Curve 1 in figure 1 gives the variation,with energy of the neutrong, of the

cross section of capture of neutrons ‘Dy protone for the case where pseudo-

scalar mesons are created.
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The absence of a maximum in the second ousve -- in every caee close %o
tho threshold of the effect -- and the small absolute values in this region
in comparison with the scalar oase give one the theeretical possidility of
experimentally difforentiating those cases, More accurstely, the bohevior of
the effect near the threshold is distinsguishable depending upon whether the

thernuclear forces contain a darivative or thie derivative is absent,

Welve considered the onso where the potential woll is of gero width, In
vestigations show that the effect is very strongly depondent upon the width
of the potentinl vell.

11,Width of Potential Well Diffexrs From Zero.
Let us employ for the deuterium function within and outeide the well

the following expreefionn rnn-aec'tively;

gp= (amR?) MRy ) hsinbefz er =<
Yp= (R P(GE7) " sinbefe - e78E=D Jor 2>l
where ¢ =r/R , R is the width of the potential well, =K(Mg)%. b=-f_’-mv.g), ‘

epailon € i1g tho bond energy in the deuterium, V is the depth of the potens

tiel well, and becot b= -a . (Rose & Oocrtzel, Phy Rev, 72, 749, 1947.)

The differentisl cross section for the scalar cnse has the following

n L %1
form: IR (a%)::n%'{m;-{-msivj/;

R
do = |00 C—-%E) R Y’;(vm"}i_*_]z,g) (a"-i—z;‘)(b‘-—-"éi)+
cosf'+asinglE . s .
+(a1+z/z)cbt_z/l) } s e de Vd

nove. y (RUY" (Lobect i +1oix yeost
= (Efﬁ)‘(c.w +:‘;_3"— VewFR Yes .
al

The integ: cross section obtained graphically is shown in figure 2

.o Tor various widths of the potentlal well. We ses that the ebsolute values

of the effect depend-strongly upon dimensions of the potential well.

From the data on the scattering of slow neutrons by free protons and

ortho and parohydrogens it follows that in the triplet stete for R the appr-

'130m. We see that in comparison

oximate values are probably 1.5 to 1.8'10
with the case R==0 the absolute values of the effect at the most decreases

5 to 10 times and the mexinum itself is dieplaced closer to the threshold

of the effoct (from x=1,3 for R=0 to x=1il in the regicen R=1,6-3"13),

CONFIDENTIAL
-t -

.« Declassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110013-5



Declassified in Part - Saniti C A R CIA-RDI R
' anitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100
= TEEE e 24 _,,71100:13»,5

t

vEE.

i CONFIDENTIAL

awre The meximam is closest to the threshold for R in the intexval 1.6 to 1.7'10'13
and after that it again (with increasing R) shifts to large oncrgies, as soon

in zigure 3.

Meson effects with the radiation of charaed mesons are foxbidden for the

scalar moson of snull oncrgles BV the Peuli oxoclusion princinle, In such cases

. vhere the spin oporatoxrs onter the law of intoraction of nucloone with the
meson field, thece processon Are pormittod, The preceding considerations are
required in a aumber of esoential yefinements and improvements of aconracy,
We for exmmple took for the ground states of the nucleons tho two-dimencional
veves, but tie prosence of nuclery forcee met dietort them. frue, certain
ovoluatione oxieting in the litorature for the cnse of the vhotoeffoct on dou~
geriun show that in this vegion of encrgies the attainable absorption due to
the non-orthogonality of the states i less than 30*. Possibly in our cnse

this absorption atters the yesult in an estontisl monner. A decrepse of the

order of 2-3 times will leave the effect exterimentally observabdle. (Yote:
In comnection with the photoeffect on deutorium, sece M. B, Rose and G, CGoor-
1 tzel, Phys Roview, Vol 72, ? 749 ,19k7 .)
i Submitted by Academician S. I. Vevilov
1 Nov' 1950.
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