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and the integration and summation should be carried out over the surfaces st.

V being known, we can find the required probability (5) by means of relation (9) which remains valid.

All the probabilities found above may be useful, for example, in investigations of the cosmic radiation
by means of coincidence counters or cloud chambers.?

It should be noted that the probabilities found are analogous to the probabilities of certain configura-
tions of molecules in a gaseous medium. In the case studied above, however, the problem is greatly sim-
plified since all the probabilities can be expressed by means of the distribution function (1), while there
are no similar expressions for the correlation function in gasses.?

The author wishes to express his gratitude to Academician I. N. Bogoliubov for a constructive discus-
sion of the results and to Prof. D. D. Ivanenko for his constant interest in the work.
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POLARIZATION OF NUCLEONS ELASTICALLY SCATTERED AGAINST TARGET
PARTICLES OF SPIN 1
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The average values of the spin operators for a system of particles having spin 1 and 1/; are
calculated. The transition matrix M is given explicitely. Consideriation is given to the case
of small energies, when one can restrict oneself to S- and P-waves. Expressions are ob-
tained for the cross-section, polarization, and correlation function. Relationships are estab-
lished between the parameters of the transition matrix and the experimentally observed values.
A group of experiments is suggested which could enable one to determine, through triple-
scattering, the amplitude of the scattered wave and to carry out a phase-shift analysis.

THE theory of reactions involving polarized nucleons has been recently developed in a series of arti-
cles.! The polarization arising in nucleon-nucleon collision is due to spin-orbit interaction, and its
measurement provides additional information about the coefficients of the amplitude for nucleon-nucleon
scattering. A group of experiments is indicated which would allow one to determine the nucleon-nucleon
scattering amplitude and to carry out a phase-shift analysis.

The present article is concerned with the elastic scattering of nucleons against a target made up of
spin 1 particles.

The state of the system is described as usual through the Neuman density matrix p in the combined
spin space of the system of two particles, or through the density matrix for two independent beams of free
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particles with spin o’ and s’. Since the density matrix is a six-rowed Hermitian matrix, it is defined
through a linear combination of 36 real quantities for which one may take the average values of a com-
plete set of independent Hermitian operators in spin space (their number equals the square of the dimen-
sionality of the spin space). The complete set of operators satisfies the equations

SpStSY =(25 + 1) (255 4 1) 3. 1)
The average value of any operator is defined as
< 8> ige = SP (PineS) (2)
with the condition that
Spppe=1-

An arbitrary matrix may be linearly expressed in terms of the operators SH. Expressing the density
matrix in terms of the average values of the spin operators, we obtain

Pinc = [(252 4+ 1) (25, + 1)]_1§<S“>S*‘. )

In this way, the average value of the matrix S* determines p, and, at the same time, the spin state
of the system.

If we know the transition matrix M which transforms each pure state of a mixture described by some
matrix pjne, into some corresponding state of the mixture described by pge,¢s We then have for the
scattering of a beam

Pscat= Mp'inc *. (4

The average value of any operator S; in the spin space of particles is given, after collision, by the
expression

<81 >sca=SP (Pscaisl) /Sppscat‘ (5)

The following expressions are then found for the differential reaction cross section and the average
value of the operator S;:

Q = [(2Sa + 1) (2517 + 1)]_1 2<SH >incsp (MS”M*)r (6)

B

<S> gom= ) < S* > ine Sp (MSEM*S,) / < 8 >iaoSp (MSYM*). )

® v

THE AVERAGE VALUES OF THE SPIN OPERATORS

Applying the well-known Clebsch-Gordan formulas, the spin-quartet wave function may be written in
the form

7 Clay ¥ =1 Mo YLDy 5 oy o) = Vst Mar Y2) 2 (1,0) + Vs x oy — o) % (1, 1),
2 Clay — ) =V s Mar Yo) (L= 1)+ Va1 (Mo — Yo) % (1,0), % (las —3/a) = x (or — o) 2.(1, — 1), (®)

and the doublet function becomes

7 (Lo o) =V s x (ar o) 2 (1, 0) = V351 (s — o) (1, 1),

2 e — o) = Vo7 (o Yo7 (e 1) — VT 1 (s — 2/a) % (1,0)- )

Operating on these functions with the operators Oys Gy’ 0y Sx Sy and S,, and applying the ortho-
normality of the functions x (s, mg), one obtains
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O V% 0 0 =V o0 0 =V 0 0 V¥, o
Vi 0 3 0 0 —V23 Vi 0 — 0 0 V3
] o Y5 0 Vi V23 0 a0 /s O =V V23 0
xh‘ 0 0 Vi; 0 0 174770 I B 0 Vi 0 o V[
V¥ 0 V230 0 — s —V3¥% 0 V23 o0 0 s
0 V230 V¥ —%Y 0 O —=V2B 0 —VY— 0
0 V‘Z/_s 0 0 Vl_/—:; 0 1 0 0 0 0 0
Vi, 0 2v2B 0 0 A 0 Y 0 0 —VZ3 o0
] 02VEB 0 VT 0 =% O s 00 V2R
*T V3] o 0 V. 0 0 __V%}’ 0 O— 0 — 1 0 0
Viz 0 —1/ 0 0 2 V§/3 0 — V2/3 0_ 0 *s 0
0 0 —V2YIB 0 A

By means of a suitable transformation, one may go from this representation to a 2-particle represen-
tation which may be more easily obtained directly as a direct product of the matrices o’ and S’ in the
spin-spaces corresponding to a nucleon and a deuteron.

We shall denote unit vectors in the direction of motion of the incident and scattered beams in the
center-of-mass system respectively by kl and k¢, and for convenience in future expansions, we shall
introduce as usual the orthogonal vectors

N = [kixkgl/ | [kixkell, P = (ki +ky)/[ki + ksl,

Transforming into this system by means of Euler’s formulas,? we obtain formulas for oNe Ty O S
Sp, Sk expressed in terms of the angles ¥ and ¢; we shall not list them here, as they are rather
cumbersome,

K = (ki —ky) /| ki — k. (10

N’

THE TRANSITION MATRIX

The most general form of the matrix M, which determines the amplitude of a scattered wave of given
spin and momentum as a function of the spin and momentum of the incident wave, may be obtained by
imposing upon it the conditions of invariance with respect to space rotation and time reversal. This
matrix must be a scalar which is obtained from a combination of 36 linearly independent matrices in spin
space and functions of the momenta K, N, P. The effect of time reversal leads to the transformation

=—k; Kk K'=K; NN=—N; P=—P.

o =—a; ki —k;

The expressions [0 X S]N and (0K) (SP) + (cP) (SK) change sign with time reversal and therefore
must be excluded from consideration. In writing out the matrix M, one may limit oneself to terms of
second order in S, as higher order terms in the spin operator S may be given as functions of these.
Thus, for example

8:S;Sr = -%— [3:Sk + 8jxSi] + —12— [Six, &k + Sixui— Sexi,il + —é_ Cisks
1 1
SiiSr1= %[aijskl + 3r1Sij + 5 8undp + % 8jmdir — 5 8i8n1 }

1
A

[aih<8i1 — —;— Sixl) + 34 (Sih — ‘é—Sixk) + 3 (Su — —é— §i><l) + 3 (Sm — “é—Sixh)] ,
where
Sixk=¢2ijkSi, Syxr1=cijxSu-

In this fashion one obtains the most general form of the scattering matrix for particles of spin 1/2
against particles of spin 1:
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M= A+ BSy+ C[(SpSp—*/38ij) + (SkSk — 2/58:))]

+ {A1+BlsN+Cl [(Spsp—“z/:i 8”) + (SKSK - 2/3 3,/)]} °N+ D (GPSP+ GKSK)

+ E(0pSp — 94Sg) + /2 F (3pSySp 4 94 SySk) +1/2G (5555 y + 94 SySy) (11)
+ Y2 H (0pSnSp — 0, SpSg) + 2 K (95558 — 94 SkS )

where the coefficients A, B, C etc. appear as functions of k"i’ and klkf, i.e., as functions of the energy

and the cosine of the scattering angle in the center-of-mass system.

In order to obtain the matrix in explicit form, we apply the method of Blatt and Bienderharn.* The
amplitude of the scattered wave is given as the sum of two terms:

F®)=F)+ ).
The first of these
f1(®) = (—M/28?) exp[—inInl? (12)
depends on Coulomb scattering, while the second

F(s") = iMDy D) % (s'y me) ) it=Vals (20 + 1) (L, s, 0,mg |1, s, J, ms)

mgs Ji
. , J Ve (13)

X(l,s,ms—ms, mg| 1, 8", J,ms) (Bs'sB11— Sy sl)yl’,ms—msr (% 9)= Z x (s’smsr) 2 Mms,msams

v ms: ms
gives the difference between the amplitude of a wave scattered against a charged sphere and f;(4). In the
above expression we have used certain quantities defined as follows: 7 = ez/hv; € = sin (3/2); d)s, is the
product of the wave functions of the final nucleus and the scattered particle; the quantities apg obey the
condition

Qmg, Amy = 8 (Ms — ms) [ (25 + 1). Sf:, 1y s, 1 = Ogr, O, 1 €XP [2 (81 — n In 2kr)]

are the elements of the scattering matrix, r is the radius of the screened Coulomb field in a given
channel and

E,Z‘P, + (D1+°01
where gy = 0g—0 is the Coulomb phase shift:
exp (209) = (L4 im). .. (L4 im) /(L — i) . . . (1 — i),

0y is the S-wave phase shift; &) = £y — 0y describes a further phase shift occurring during scattering
against a charged sphere of radius R as compared with the shift which occurs in point charge scattering.

In order to carry out a phase-shift analysis, it is necessary to determine the dependence of M upon
the scattering angle and the phase shift. The dependence of the elements of the matrix M upon ¢ is
evident from Eq. (13}, and comparing them with those matrices of which it consists, we obtain

a ce~iv  ge=%e  pe=sie () 0
beie d fe—ie  ge—2e  ( 0
gee  —feiv d —be—te 0 0
M - )\ J— he3i¢ ge2i‘P —_ cei@ a 0 0 (14)
0 0 0 p —vye—ie
0 0 0 0 veie p

the matrix elements a, b, ¢ represent series of Legendre polynomials P;n (cos ¥), and the coefficients in
these series depend on the phase shifts.
The elements of this matrix obey the additional condition

1 (15)

2 2 1
cos 29 (a—d—V—;fg) =ﬁsin29 6 +c),
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which appears as a result ot theinvarianceof M with respect to time reversal. As mentioned above, the
matrix ¢K-:SP + 0P -SK is one of the matrices belonging to the complete set in terms of which M may
be expanded; thus it can only enter in the expansion when Sp M (0K +*SP + o P -SK) is identically zero.

In the particular can when the energy is sufficiently small to permit the use of S- and P-waves only,
the scattering amplitude may be written in the form:

b ) =5 S S @LA+ DIe(Lys, 0, me|L, s, ], my)

mgmgr L, J
, . (16)
X (L,s, ms—mg, mg|L,s’,J, ms) [l —exp (&)1 Yy, mg—mgr (%, o).
For doublet transitions we obtain
M'lz' 2 =—2 {T:):’fz + cos Ye—2i¢ ( ‘! + 21 I1 ” )} M—’fz, Y2 = hsind €xp [l (Q? - 24))] (Till»z'lz - ’T;l,zllz)’
M, _, = sindexp[—i(o+ 29)] (—v}s, +1)4). M_,, _,=* {1y, + cosdexp (— 2i9) (1%, + 277%), (17
where 'in, s =exp (— @ET’ g) sin <I>2J s
and for quartets
s . 9 . 6 3V3 . . s s
M, ., =—2* {70’3,,’ + cos 9 exp (— 2i9) (3 s+ 5 71’?81.)} v My o ="——hexpli(e—2¢)]sind (v]5, —1]%),
V3 N 3V3
M—lliv'll = 07 M—’h-'h = O; M'[ - } SIn 9 exp [_—' l (’P _T_ 24))] (—-_ 9 {1 3y + 5 Tl _l_ 10 Tl 3],)
. ' 1 9 s
MII"lIl {T I. + cos ¥ exp( 2”1;)) ('1’1,‘-", + F Tllv'a!’ + 3 Tll,’ah)} »
(18)
M Lsin & i 2 Lo, 2 .9, LA )
s, = hsindexp i (o — 29)] (3 T, 50— 10 ,L,,’> s M_s,y,=0; Ms, 1, =0,
2 9 Al —oi
My, = — ) sin S exp [— i (o + 20) ] (& i, =1, — ETLH,) Moy, oy, = — h{gl, + cos De2i
[ 1 1 w3l 9 .,S 2 V Vg 3 3 V3 -
X KTL"I, + 75 fll L i i1{ '1.\ v Moy, —y,=)exp[i(e —2¢)]sind ( 'fl 5T "-(z — 10 71 =1,>
Moy 0, =0, My, o, =0, M_y, o= —22 isin exp[— i (o + 20)] (1}, — 1)),

3/ . —91 / 3 }
M_s,, s, = Myl + cos9e—2iv (T4, + 373’?,') .

DETERMINATION OF THE PARAMETERS OF THE TRANSITION
MATRIX FROM EXPERIMENTAL DATA

Expressions (6) and (7) apply to particles of arbitrary spin and beams of arbitrary polarization; we
shall apply them to the concrete case of scattering of particles having spin 1/2 against an unpolarized
target of particles with spin 1.

In this case, the only non-zero matrice} before collision are 1 X 1 and o X 1, and these formulas
become

Sp (M*aM) + Sp (G MoP ;o M*
QPZ = {Sp (MM") +Sp (Mo M*) Pinc}, PP=(oX Dgcar= 2;5 (MT’VI': i SE ELcM:;(;inc) : (19)
We write here o for ¢ X 1, and denote <o X 1>y, by Pj,.. When scattering an unpolarized beam of
nucleons, the expressions for the differential cross-section and the polarization simplify to

QN =5 Sp.MM®, QUPN= L Sp MMsy (20)

Substituting Eq. (14) for the transition matrix M, and expressing N in terms of the Eulerian angles,
we obtain explicit forms for the cross-section and the polarization:

Q= 32 {laff + (0P [P+ [P+ PR+ 21 P+ AL+|pf+ b,

QPN =23t (J/ & (60" + de + " + gh") + 5 (b +dF) +§ w} 21
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In the particular case of small energies, limiting ourselves to S- and P-waves, we obtain for the scatter-
ing of a proton against a deuteron:

3 2 » 1 3 1 I 3
Q _‘)2{<2 Cz) + 3 <2 "2) [u( 1’2) + 2’1 (‘:, (Do/,lﬂfe)] + ?%COSS [u (*1 CD1!3112)+2"1’(C7 q)llfllz) + u (C) (Dl'falg)—l—Qu(,") (fo’/z)

5 . 1]y 2 . 9 3, 2 . 1, 1 1,
+ 3u(C, D, )] sin® Oy o sin® Dy, +2cos  {sin @™ [ (D, D)

1 31
+ 2u (D, ©F%)] + sin Oy, [ (D, Dfs) + 2u (O, DY) + 3u (DFF, , Di3,)] + cos? & [(sin® Dy, + sin® Dy,
+ 2 (sin® @f"y, + sin?@%) + 3sin? O3, —2W] + sin®9- W},
where u (o(.{’s; ﬁ;’//s,) = sin @{:,s' Ccos (O({,S — 2['09 —_ ?'{I,’SI) and

W = - sin? (D1, — D)3, ) + 5sin ((D1 Sl T + = 3 Sin? (D, — @;3) —}-—sm2 (Dys, — D343 (22)
3 30 10

3

NpN__ M : sy D3 et 'l 2 g ¥
QPN= % 7 sin 8 {52 (D)3, D)%, 0) + 42 (Qfy, ©L,, 0) + 22 (Ol @33, 0} 5 sind {[5z (01, Oily, Do3)

A
22
142 (@, sy, O] sin Dy, + 22 (D), By, fy) sin OF 3+ 2 sind cos 9 sin (@, — Ofy,)sin (D}, — D}2).
X sin ((D;I'zllz —_— (D;{z!/z) -_ )\2 sin '9 COS By [SY ((Dlllfs,z, (D;l,zalg) + 4Y ((:Di"’z:! CDL 3|, ) + 2Y ((I) '1,2 {‘21':2)],
where Y («, B)=sin (a—B)sina-sina,and z («, 8, 1) =sin (« — B) sin (20+a4E—7).

In addition to the cross-section and polarization, one may also obtain an experimental value for the
correlation function C(p, q) = <op-8q4>g,,¢4» by measuring simultaneously the polarization of the
scattered beam of particles (k¢) along a direction p and that of the beam of recoiling particle (—ky)
along the direction q.

If the incident beam is unpolarized, one finds

QNCN(N,N)=%SpMM‘(cN)(SN)=%)»2{ o +1dP+IFE+1gl —|pP =P+ Re[cf+b*h—~ag d'gl},
(23)
QNCN (m,P)= - Sp MM (am) (SP) = 5 (sin (9 + 8) cos O [|al* + [¢ 2 - [ A2 — & (|62 +|d[* + [F )]

—sin®cos (¥ + B)[ }b}2 Idi2+if!2)] +V—_23:sin8cos(3—}— B)Re (bh* + cf* — ag” — dg"*)
— 7: cos (29 + B)Re (ab® + cd* 4+ fg" + gh")},

B is the angle between m and K, and equals 7/2 when m coincides with P. By carryihg out triple
scattering experiments, one may obtain additional data, for example how the direction and magnitude of
polarization changes after a second scattering. In order to describe the geometry of these experiments,
we introduce a unit vector n in the direction [N X k;], lying in the plane of the second scattering. It may
be seen from Eq. (19) that the cross section and polarization for second scattering may be written in the
form

QP= QN(1 +P Pype) = QN(1 + A), P¥= PNt <Pypc/(1 +PNPino), (24)
where A = PNPinc represents the scattering asymmetry, and T is a second rank tensor having components
tin = Sp (6;MapyM*)[Sp (MM?"). (25)
Straightforward triple scattering experiments yield

QYN N)=5 Sp MoyM'sy = 3 {5 Re [a"(d — 2p)] + = Re[(f —v — b) €' ]+ = Re [g" (— d + )]

VB_
3V3 [b'(f—v)]} Q(m,t,n)—lSIHQSanacosﬁ{ay—[h[2 —(]bi2+ic[2—]di2+if!2)—%ig|2}

— % 12 sin 29 cos $ cos B {Re [l/% (@b + a’c) + (c g+ b'g) + (c‘d + b*d) — 1[;37 (o' + C‘P)]}
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— 232 5in 29 sin 9 cos B {Re [(a'd 4 b+ fh) + 2(a"s —d'p 4+ hY) + “,%— — b b —c)

4 - * 2. . T * * 1 - * 4 * -
+ 5 @e— w4 Srsin® +B) (Re [/ 5 (@ + g0 + g5 O + &N — 5= b + )
(26)
—I——%(Qc‘g—l——g—d'f+—§—d'v+%f‘p-——pv)]} _mos(s—p){Re[ (a‘d+b"c+,f'h)—l—3(ap+h’v)+3V3

X (b — b — cf—cv)+3,,3(d‘g gp)+9(d‘p——fv)]} ——cos(«‘}—B){2|g|2 3(|d[2—|ﬂ2)+3(lplz—m)}

Making use of the recoil beam instead of the scattered beam, we obtain two new expressions

QY(N, %, N) = Sp MSyM*an = 232 {[ gt + 2 [dp+|FE—|pP— D + Re[a’ (d —p) — b (c + [ + )

/2 1 ./ 1\ . b ONm < ) — A : L2
y <V—§f+—173:v)—g (V5 d—[-— )_f (h+§v)+hv—d9]}, Q%(m, ',n) Gsm2«‘}sm(9+ﬁ)[2|a,

2

b opE i —Sjdp g (fE—2]gr~2hP— {;L;"—}-—iv@z]— ¥ sin 29 cos (9-+8)

<o|m

/-— " * * 1 » * *
XRe[Ql/%a‘b+—lg’—b‘g+_£»cd+ 4,cp—3V3_fg 3V3gv ‘/dgh—l—gf}'t-!- dv——d/

(27)

2 . 1_ . 1 - . . |7\2 . . . : l L
— 2wty gac—[-?’y.d—bd--l-mbp-]— cg]—rg[cos(i}—p)——sm%}sm(&+p)]2Re[3(ad a'u

<+ [*h — h'y + b'c)+ —7: (c'f =0T+ g'») + m (c'v — b + 2d°g) + % (fv—d M)] 3 - sin 29 sin (9 —{—8) 9

XRe [f*v —d'p]+ % [sin %—pB)— —1— sin 2% cos (% + [3)] 2Re [V% (a’c + g'h) + m (bd + g°f + 26 + 2g*) + —c ‘g

2@ 4w — w—d)|+ 5 [cos (@ —B)— Fsin 29 sin@ + ) |[5 (4P — TP + 51l — 5 (uP— )]

Slmultaneous measurements of the polarizations of the scattered beam and the “recoil” beam after
triple scattering, yield three further relations.

The correlation function for the polarized beam has the form

CP(p,q) = [CN(p, Q) + Z(p, 9) Pipcl/(1 + PNPyyo), (28)
where
CN(p,q) + Z (P, §) Pinc=Sp M (I + a,P;;,c) M*s,S, /Sp MM®,

and one can find

QNZ(m,P)N = é_Sp MoyM's,, S, = %12 Im {sm (% + B)cos ah/ %(ac + gh") — m (bp* — gv*) + —cg

2 (dv — ot —df")— 3;1/—37 (bd* + fg") ] 1 cos (9 + @) sin [— ﬁ-; (bp” + cu')+ 5 (cg” + af* —av —bg'—dh"—hp")

s (' — [p —4df") Zr(bd‘--l-cd‘)] + cos (3 - B)cos 9 [— (an" — Y ad” - be" ) 4+ ; V3 (" — gp")

3},3 (cf* + dg* )J—I—sm(«‘} +B)sm$[3(——gp. 4 ad 4 b + fB — dpt — v+ be”) L_(cf + dg*) — V%w]
+cosB[— - (an — ) 4 o (e — gu)| = wsing), Q"Z(N.Pyn= 3 1*Im {4sin20 )/ Lo + b + 0"
—gh'—ag’)+ 3 (-—af +av* + bg* + cg® —dh* — dv' — fp* — hp* — 2ap” + bc* + 2dp* + fAT — 2fv" — 2hV")

o (et —cd — g — g — of +dg) + o=

—_— Oy 23[ —_—(— *
Vi 3V3 (ep® —gv + o -|—gp\+3‘/d fg]—*— sin ‘/ (—ag*+0bn

—bp*—gv) + d(af — v —bg" —cg* + dh* + dvt + fp* 4 hut) +3V_(cf dg* —cp'+gv‘)+ _(C'v‘—[-gp.‘

— e — [g") + 5 (A" — ¥ | + cos? [ (ad'—be'—]H") S (an’ + )+ = (o — o —dg” — gv)
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—]/ 5 (ab‘ + gh™)— V_ (cd" + fg") + —= 3 Vd (cp* — gv')}}, QNZ (m, N)yn = 5-sin 29 sin (§ 4 B) Im {— —— (ab® + gh*)
., . o 1 . . . . . 1 .
5 (0p" +cp’) + 5 (—af "+ av'+ bg”" + cg'— dh’—hp") — (dv' + fp* )} ——51n23cos(8+ B) Im 11/—37 (2ag
—20h" —bv — o) o (ad — ap" — be" — v — [RY) — [ da” }—n[ cos (9 — B) — —51n2851n(8+[5)]
X Im [ (— af* + @ + bg" +cg" — dh® 4+ dv" + o — hu') + = (n” + 20d” + 2fg" —dg)— )/ Ty ]
2 1 1 (29)
e [-3~sir1 (% —B) — = sin 29-cos (% + ,3)] Im[g(— ad® + ap* + be* 4 dp*
+ fh* — Vv ) — 1 (ov" — 2dg” + 2cf* + 4gu*) + Vzbv']
3V3 3 )
These same results can be obtained by using the expression for M given by Eq. (11). In this case,
one finds, for example,
Q"= IB IO A BGOSR P GO H K
Q¥PN=2Re | AA] + 2 BB} + +CCi},
QN(N,t,N)=|A 2 + 3|B[2+ |C| + 14,12+ 3|31]2 101|2 (30)
4 9
— 5 (DE+IER) — g(FR+|GR+|HE+|KP).
The coefficients A, B, C, ..., are easily obtained from Eq. (11), substituting in it the explicit form
of M given in (14) and the average values of the spin operator expressed interms of Eulerian angles;
one finds
A=tspM=3(a+d+mw), A= 4 Sp MoN =
1 . { /1 2 1
B = Sp MSN = =3[V re—n+Zi+ 4],
— [V Ee—n+2G—9)] By =2 ((d—w) —V3al,
c=3spm (spsp+sKsK %aij),: Cr=25pMaN(SpSp+ SkSx—gdun )=
3 3.7 1 7., 8
=M z@—a+y5e) =1 M syze—o—gi+h—5].
1 . ’ 1 2 4
D = 4 Sp M (opSp + oxSk) =~2—ka + 3d +%:g—§ y.>
= N _r 1
=2 Sp M (spSp— oxSk) = —{(a —d —7— g)c0s 29 + - (b+c)sm23} 2 V3 (b+¢c), (31)
1 Y 2_
F=2_SpM(6pSpSN+6KSKSN—-—J:{V?(c — e f+|/2 W}
1 - A 1 1 2V2
G=‘ZSPM(°PSNSP + OKSNSK):V'T—{ ~6~(C 3V2 V }
= 5P M (255, Sn — axSxSw)= o= {smm}(]/ a—y Ly ]/ 1 )+ cos.‘l&[ Vis—y te—y/Li +h)]}_

K = 35p M (o1 SxSp— oxSxSk)= —-{511129 l/a+V3g+V—d)+c0523[V70+Vbb— §<f+h>]}.

With these expressions for the coefficients, one can use Eq. (30) to obtain the previous results for the
cross section, polarization and QN(N, T, N).
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Thus, for given values of energy and angle, the results of double and triple scattering experiments can
yield 11 independent relations among the parameters of the transition matrix in the case of elastic scat-
tering of neutrons against deuterons. One additional relation can be obtained from experiments on the
scattering of protons against deuterons, since due to charge invariance, all the above results also apply
to this case (if one only includes the electromagnetic interaction).

As shown in the work of Smorodinskii and others,® the transition matrix is determined by as many real
functions as there are variables in its most general formulation. Thus, if one carries out triple scattering
experiments and obtains the above mentioned experimental data, it should be possible to carry out a phase
shift analysis.
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The interaction of two fixed nucleons in pseudoscalar meson theory with pseudovector coupling
is considered. The principal part of the functional of the two-nucleon state is represented in
the form of a product of single-nucleon functionals. Consideration is given only to the states
without real mesons and with one real meson. A procedure is developed for reducing two-nu-
cleon renormalized matrix elements to single nucleon elements, which are then calculated by
the method of Chew, Low, and Wick. The potential of order e~ 2R ig calculated. It consists

of two parts: one part is proportional to f4 (f is the interaction constant), and the other is a
function of the phases of 7 meson scattering on nucleons.

R.ECENTLY, Chew and Low! and Wick? considered the one-nucleon problem from a new point of view.
Characteristic of their approach is the attempt to solve the problem without perturbation theory, and thus
to deal only with renormalized quantities.

In considering the two-nucleon problem in the region of nonrelativistic energies, it may be assumed
that the meson clouds of the interacting nucleons conserve their individuality.

Therefore, we may feel confident that in this energy region, quantities referring to two interacting
nucleons will be expressed by single-nucleon quantities, so that the method of Chew, Low, and Wick may
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