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3apsnoBo-06MeHHbIH pa3Bal ACHTPOHA ¢ 00pa3oBaHHEM ABYX

NPOTOHOB M CIIMHOBAa# CTPYKTYpa aMIUTHTYABI IIPOLIECCa

fnepe3apsaaky HelTpoHa

B pamKax HMIY/IbCHOTO NPHOIMXeHHS 0OCyXHaeTcs cOOTHOmIeHHe MexXay addek-
THUBHBIM CEYEHHEM 3apaloBO-06MeHHOro passana GeicTporo gefitpoHa d + a —» (pp)+ b
¥ 3¢ eKTHBHBIM ceueHHeM mpoliecca nepe3apaiku i + a — p + b. IIpy atoM yduTsiBa-
101cq 3thdeKThl TOXKAECTBEHHOCTH MPOTOHOB (hepMH-CTAaTHCTHKA) U KyNTOHOBCKOIO H
CWIBHOTO B3aUMONEHCTBHII B KOHeuHOM cocTosHMU. Mccnenyerca pacnpenesieHue 1o
OTHOCHTENIBHBIM MMIIY/IbCaM IPOTOHOB, POXIEHHBIX B 3apaioBO-OOMEHHOM INpolecce
d+ p > (pp)+ n B Hanpapnenuy Brepex. IIpy nepenaHHbIX MMOYyIbcax, OMM3KHX K
Hy1o, 3 ek TUBHOE ceueHue 3aps10BO-06MeHHOTO pasBaia 6bicTporo AeiTpoHa, cTai-
KHBAWLErocd ¢ MPOTOHOM MHIUEHH, ONpeldenseTcs TOJIbKO CIHH-GIMNOBON 4acThio
aMILUTHTY[BI peakUMH Mepe3apsakv n+ p — p + n NpH HynesoM yrie. IlokasaHo, uTo
u3ydyeHHe rpouecca d + p — (pp) + n B My4Ke MOJAPHU3OBAHHBIX (BRICTPOEHHBIX) e -
TPOHOB IT03BOJIMT, B IPUHLIKNE, Pa3AENUTh ABa CITHH-3aBUCAIIMX YleHa B aMILIMTYyae pe-
aKUHH Nepe3apiafkH 1+ p — p + N, ONHH U3 KOTOPhIX HE COXPaHAET, 2 APYroi coxpa-
HseT NPOEKLHIO CIMHA HYKJIOHA HA HalpasjieHHE UMIy/Ibca NP NepeXxode HEHTpoHA B
NPOTOH.

Pab6ora srinonneHa B JlaGopatopun Beicokux aHepruit OHMSH.
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Charge-Exchange Breakup of the Deuteron with the Production

of Two Protons and Spin Structure of the Amplitude of the Nucleon

Charge Transfer Reaction

In the framework of the impulse approximation, the relation between the effective
cross section of the charge-exchange breakup of a fast deuteron d + a — (pp) + b and
the effective cross section of the charge transfer process n+ a —» p + b is discussed. In
doing so, the effects of the proton identity (Fermi-statistics) and of the Coulomb and
strong interactions of protons in the final state are taken into account. The distribution
over relative momenta of the protons, produced in the charge-exchange process
d+ p — (pp)+ nin the forward direction, is investigated. At the transfer momenta be-
ing close to zero the effective cross section of the charge-exchange breakup of a fast
deuteron, colliding with the proton target, is determined only by the spin-flip part of the
amplitude of the charge transfer reaction n+ p — p + n at the zero angle. It is shown
that the study of the process d + p — (pp) + n in a beam of the polarized (aligned)
deuterons allows one, in principle, to separate two spin-dependent terms in the ampli-
tude of the charge transfer reaction n + p — p + n, one of which does not conserve and
the other one conserves the projection of the nucleon spin onto the direction of momen-
tum at the transition of the neutron into the proton. '

The investigation has been performed at the Laboratory of ngh Energies, JINR.
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'1. Ogr purpose is to analyze the relation between the effective cross section of
the peripherical charge-exchange breakup of a fast deuteron with the production of two
protons: : '

d+a—(pp)+b a
and the effective cross-section of the charge transfer process '
n+a—>p+b, 2)

in which the neutron is transferred into the proton. In so doing, it is supposed that the
target particles a and 4 with the unity charge difference are included in the same
isomultiplet. In particular, we will speak concretely about the process
d+p-(pp)+n, ' (3

taking place at a collision of a fast deuteron with the proton target. '

The connection between the processes (1) and (2) was discussed partly in the
series of works"?**5, We will continue the study of this problem, taking into account:’

a) the ‘spin structure of the amplitude of the charge transfer reaction
n+a—->p+b,

b) the identity of protons (Fermi-statistics effect),

¢) the Coulomb and strong interactions of protons in the final state.

?. We. will assume that the velocity of a projectile deuteron is large in
comparison with the characteristic one of nucleons in the deuteron:

m 20 4

Here ¢ is the binding energy (& ~2.3 MeV ), m is the nucleon mass. Under the
condition (4), the duration of the collision is much smaller than the characteristic period
of the movement of nucleons in the deuteron and, as a result, the coordinates of the
“neutron and the proton in the deuteron have no time to change during the impact, and we
can use th.e impulse approach. In accordance with the condition (4), the ’impulse
approximation is valid, in any case, for relativistic energies.

[:et the neutron, being incorporated in the deuteron, take at a collision the
nonrelativistic. momentum § in the rest frame of the deuteron, Then, in the framework
of the impulse approximation, the wave function of the relative motion of two protons
produced in the charge-exchange process d +a — (pp)+b, will have, at once after the’
impact, the following form:

Y(F)=W,(r)e 7" . ®)
Here W, (r) is the deuteron wave function.
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The expansion of the function l!’(i-' ) over the eigenfunctions of the two-proton

Hamiltonian, taking into account the Fermi-statistics effect, gives the continuous
spectrum of relative momenta of the created protons. The magnitude itself of the
effective cross-section of the charge-exchange breakup of the deuteron is determined by
the transitions from the deuteron spin states to the spin states of the two-proton
system™*. The contributions of these transitions are connected directly with the spin

structure of the np charge transfer reaction.’

3. The amplitude of the process n+a - p+b has the structure:
flnra— p+b)=(é(t)+ E(t)é(‘))f’m,, , ©

where t~§’ is the 4-dimensional transfer morhentunj squared; -}A’m,, is the eyxch:émgé
operator transforming the neutron into the proton and the particle a-into the particle b ;
&% is the Pauli operator acting between the spin states of the neutron and the proton; ¢
and 1:§ are the operators acting between the spin states of the particles g and b (these
states will be marked later on by the index {3}). '

. When all the particles are unpolarized, the. differential cross-section of the
reaction #+a — p+b can be presented in the form s

L da ™) il,g(l)- . ‘ R

da

—;(n+a - p7'+ b)— dt +vdt ’ : - ()
where N . ' .

do™ 1 AL o 1 o '

? =ﬁt}‘(” C(I)C =v(f) . e : (8) ¥

is the spin-nonflip part of the differential ‘cross-section of the chﬁrge transfer reaction,
which is not connected with the spin quantum number of nucleons, and :
do?_ 1 ir,, B(t) B*(r) ) - -

d 2j+1 W THT , B )

is the spin-flip part of the differential cross-section, conditioned by the presence of the
nucleon spin. Here j is the spin of the‘particlcs‘ a and b, the symbol tr; denotes the

sum: of the diagonal elements (“trace™) of the operators acting in the spin space of the
particles g and 5. '

4. Now we will consider the transitions between the spin states of the deuteron
and the (pp)-system. As it is known, the neutron and the proton in the deuteron are in
the triplet spin state with the total spin of 1. When the deuteron is unpolarized, then each
of three spin states corresponding to the projections of the total spin onto the
quantization axis z, equaling —1, 0, 1, is realized with the probability of 4 :
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Here the index 1 is related to the spin functron of the neutron, and the index 2 is related
to the spin functron of the spectator proton. In the process d+a-» (pp)+b the system
of two protons can be created in the trrplet states (10) as well as in the smglet state with

the zero total spin: a e
: )y ) (NI )] ; :
g ) o
The two-proton system, produced in the peripherical breakup of the deuteron can be
considered as a non-relativistic one in the rest frame of the deuteron.

In accordance with the Pauli prmcrple for identical fermions, when two protons
are produced in triplet states, their coordinate wave function is antisymmetric and the
orbital angular momenta have only odd values; when two protons are produced in the
singlet state, the coordinate wave function is symmetric and the orbital angular momenta

have only even values®. It is easy to see that the 'operator é(t) in Eq. (6), being
independent of the nucleon spin, leads to the productron of the pp- system only i in the

triplet states. Meanwhile; the. spm-ﬂlp operator B(t)a(') determines the transitions to
both the triplet and singlet states of two protons.

5. In accordance with the above-mentioned facts, when the momentum g is

transferred to the neutron in the deuteron (as a result of the charge transfer reaction
n+a—> p+b), then the effective cross-section of the charge-exchange breakup of the

unpolarized deuteron on the unpolarized target can be presented in the following form:

1
da(d+aa(pp)+b)=;(—2—7)r—l)x

xIrs, {3 C(t)C | )+ ZZ( (mp)l t)a'(') |z(,np))<

2

,) ()39 20

(12)

e L) )

+z< (s--)‘ B(,) o(')| Z('"")X '=(t)| z(sin))*
} &k
(@7 y

Here k isthe momentum of one-of the produced protons in the ¢.m. frame of the proton
pair, coinciding practically, in the used approxrmatron, with the rest frame of the

deutéron (we assume that lq | <«<m, k= I l <«<m); (o ( ) is the wave function of the

relative motion of two mteractmg protons, corresponding to the scattering problem and
having the asymptotics m the form of the superposition of a plane wave and a
converging spherical wave®, Let us emphasize that Eq. (12) takes into account the
Fermi-statistics effect: the antisymmetrization or symmetrization of the wave function

(o,(; )(7) with respect to the substitution 7 — -7 is performed in the cases of the
transitions to the triplet states or the singlet state of two protons, respectively. The triplet
states l x(""’)) and | x(‘.’"")) (p.4' =+1,0) are described by Egs.(10), and the singlet state
| x("")) is described by Eq.(11).

Due to the propertles of the Pauli matrices, the following relations for the matrix

-iG#12 _J_f @OF)+ 2 F)dF

elements of the operator B(t) ) are valid:
(trip) [ B )o.(l) I Z('”P) ( zgrw) B t)é"(') l xE'lr-p)

(2 )=
( xﬁ""’)l B(t)o'(l) | x(xw))
{ )=
(

(B 0] ib (t))
(8.0)-8,0));

(mp)‘ B(t (l) ‘ x(mp)

)
)=
)o,(l) | (mp)>
)=

el—-eh

{2t np)l )a(‘)| Pati
5080 |2t)-
f!'(t)o:'(') | lillrip)) =0;

(rp)| B

)o.(l) ll(lﬂp)

2! (trip)

(x
( (rp)| B
(2

(13a)

(erip)

=(z%




<l(5in)|§(tﬁ'(])Ili’]ﬂp)>= < (mp)l )o.(!)lz(sm)> _T( (t)+lB (t)

()| B30 |7 = - < wp)| B

t)a'(')l ““") \/f(é 0)-iB, (1))

<l(sin)| B’(t)é‘-(') Il(()lrip)> - B, (t) (13b)
Here z is the spin quantization axis, the axes x and y are perpendicular to the axis z.
As aresult,

t)o_(l) ll(mp)> ztr‘s)é(t)§+(t) 5

) Z Z(lgf’l’) B(t) &0 ll('ﬂp)x
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and, in accordance with Egs. (8) and (9), the effective cross-section of the charge-
exchange process d+a-> (pp)+b for unpolarized' primary - particles is expressed

through' the spin-nonflip and spin-flip parts of the charge transfer  reaction
n+a-> p+b:

da(d+a—>(pp)+b)—

da™) 1o\
n+a->p+b)+=
{[ al P )3 -

£(¢5‘7’(?)*¢2‘“’(4?))d’72

(n+asp+b)]g

x _[lPd (F )e_kﬁ/2 +

(14)
1 do')
3 dt

(n+a—>p+b)x

_“;F/Z J‘z"( )(r)+¢k( )( r))d"' }Wdt

In the case of the flight of the two-proton system in the forward direction, the
longitudinal transfer momentum, connected with the increase of the effective mass of
two nucleons at the transition d — pp, is small as compared with the reverse radius of
the deuteron, and we can take the value § =0, or # = 0. Then the contribution from the
transitions to the triplet states of two protons into the effective cross-section of the
process disappears, because the wave function of two protons in the triplet states is
antisymmetrized with respect to the substitution 7 — ~7 , whereas the deuteron wave
function is symmetric with respect to this substitution. Wrth this, we have

do ) (n+a>p+ b)l L
. Lo d1=0

3 ) e Sl R -

‘dd('ﬂa%(pp)#b)l,;oﬁi;‘-

“’L}, )(o'(): )dg-.

Thus, the effective cross- sectlon of the charge-exchange breakup of the unpolarlzed
deuteron on the unpolarized target in the forward direction is proportronal to the spin-
flip part of the differential cross-section of the charge transfer process at the zéro angle.

(15)

6. Now let us ‘integrate the - effectrve cross sectron of the deuteron breakup

d+a—> ( pp)+b over the proton mornenturh % in the c m. frame of the proton pair.
The completeness condition for the wave functions of “the continuous spectrum
describing the relative motion of the protons, is as follows:: << . -

oy O =8E-F)
G ORI PR =)
Taking mto account these relations, we obtain®

do(d+a— (pp)+b) ‘dd-("”(n'+a%‘p+b)+'_2_'cia(")'(n+a—>p#b) o 2
a0 T dt R

)

4 .
3 . 1

x( (t))+1 doV (n+;—>p+b)(l+F(t))

_dO'("’)(n+a—>p+b) - da(/)(n+a—>p+b)( J N
= P FO)+ - FO . an

where

F()= I r)) e T dF

is the deuteron formfactor. When ¢ = 0 (7 = 0), then the formfactor F (r)=1. In this case
we have the simple relation B

do‘(d+a—)(pp)+b)| 2 do-")(n+a—>p+b)| ,

dt =73 L dr ' 18y

It should be stressed that the last result remains valid also when the contribution of the
deuteron D-state is taken into account (in the previous formulae we have neglected this
contribution).

7. Let us consider in detail the process d+p— (pp)+n in the forward
direction. The amplitude of the charge transfer reaction n+ p — p+n at the zero angle
can be presented in the following general form:

f‘[c +c, (0'(') (3)_(0-(')1 X"'(J)I ))+C ( 7 X"ml )] Pach » 1)



where i is the unity vector directed along the neutron momentum. In this case the
- operator B in Eq. (6) is descnbed by the formula

B0)=l, 6 TGO e, T (607) (20)
In so domg, the spin-flip part of the differential cross-section of the np charge transfer
reaction in 'the forward d1rectlon is glven by the expressron

d n
(n+p-+p+nl.=o "'(J;B(O)B ©)=2]c,|" +|e, |- @)

Then, in accordance ‘with Eq.(15), Lhe effective cross-section of the charge-exchange
breakup of the unpolanzed fast deuteron on the unpolanzed proton (hydrogcn) target, in
the forward dlrectlon, isas follows

dofd+p - (pp)+ 1) =—(2»lc. P +le, ' )x

| [, E df( )3 - | - @
Now, let us assume that the deuteron is polarized and its spin state is characterized by
the spin den51ty matrix p The proton of the target is supposed to be unpolarlzed as

before. It is not dlfﬁcult to show that if the deuteron D-state is not taken into account,
the contnbutlon to the effectlve Cross- sectlon of the process d+p—>(pp)+n in the

forward direction is provided only by the diagonal elements of the density matrix py ,,,
Poos P4 -1» corresponding to the definite spin projections onto the direction of the

deuteron momentum / . Asa result, we can wnte
do(d+p - (pp)+n),., =

try {ﬂ_o t( (sm)IB(O)O-(])Il(mp))<x‘(,l”p)

<2l ) kA | ke
It follows from Egs. (13a) and (20) that:
(SM)IB(O)O.(I)IZ(MP))

(x

(¢ 30| 7)) =
031101, \
(2! 50| 76 = (50 +160)) J

B 0069 £™) p?, x (23)

Ji( (3)+,-U(3))

~L(-199)

»

Za

&

@®

(x| é(o)é")| 20 =c, 69,

(xi|B B (o)a“’l 7)) =c;89 . (9
In so doing, the contributions of the tmnsmons from the triplet states of the deuteron to
the singlet state of the proton pair are as follows ‘

*m»{(z‘""’lﬂ(o)a"’lz"""’l( """’IB’(O)a"’h“‘“’)} |
;Irm {< (sm)lB O)O.(I)Il(mp))( (l)lz(sm))} |cl lz ,

1 sin} | D = i 7 —4 4 sin : 2

_2—”‘3){< ( )B(O a(l)ll(l I’))(I(’ l') B (0 a.(')lz( ))}=!‘:2| .
Thus, takmg into account the normallzatlon condmon

Puu +Poo +P-| -1 =1,

do{d + p > (p)+ ). =z(|c| [ +{les P =l [P ot )<

“lp (r)(o'(')(r)d’ l dt( )3 . : i | (25)

When c, =¢,, Eq. (19) for the amplitude of the charge transfer reaction n+p—> p+n
gives - \
F=c (—(l)~(s))P . (26)

and the effectwe cross-section of the charge-exchange breakup of the deuteron on the
unpolarized target in the forward dlrectlon does not depend on its spin state. When
¢, # ¢, the dependence on the longltudmal tensor polanzatlon of the deuteron appears:

dO'(d+p - (PP)"' n1;=o —Z[Z_IEI‘I—:;iC—ZL Ty (Icl | _lcz l )J

(242)

we have

. ar @7
x| jwd(r)¢-(-)(,)d37| dt(—gﬂk?,

where

.Tzo=%(1-3pé’.o). (28)

We see that the study of the process d+p —> (pp)+n in a beam of the polarized
(aligned) deuterons on the unpolarized hydrogen target allows one, in principle, to
separate two’ spin-dependent terms in the amplitude of the charge transfer reaction
n+ p — p+n, one of which (being proportional to ¢, ) does not conserve and the other
one (being proportional to ¢,) conserves the projection of the nucleon spin onto the
direction of momentum at the transition of the neutron into the proton.



8. The study of the charge-exchange breakup of the: polarized .deuteron on the
polarized proton in the forward direction allows.one to obtain the.additional information
about the spin structure of the amplitude of the charge transfer reaction n+p—> p+n
at the zero angle, including the relative phase-of the amplitudes. ¢, and c2 Let the spin
state of the target proton be described by the densrty matrix  * " -

P’ =—;—(1+PP a(s)) @)

where P’ is the polanzatlon vector of the proton When both the deuteron and the
proton are polarized, we should write mstead of Eq (23):

dO'(d+p - (PP)"‘”)I: 0=

—”m[P ZZ( v\
x2| [, (Yo )7 ]( T

where pf = po°, are diagonal (V=,U) and non-diagonal _(V?’: ,u)elements of the

O)"(I)l x"‘"’)( (sin)l f;(o)g(l)l xi”””) Pf.y w

(30

deuteron density matrix 5.
“The simple calculations with using Egs. (24) and (29) lead to the following
expressmn for the differential cross-section:

aold+p-> )+ e {u?u. el e e )
| SE. 6D

-—Reclcz(P P! )+lmclcz(T"[P”I])] ”‘P ")(".(_ (")ds“ ]( ) dr .

Here . B =P?] and P” = 1—’” -—I—(I_i” 7) are the longitudinal and transversal
components of the polarization vector of the proton, P"d =P‘T and P! =P’ - T(ﬁ” T)

are the corresponding components for the deuteron, T is the average value of the
vector operator ;

Fo3GT)GT)
where § = {5,,3‘,,3‘ } is the operator of the deuteron spin. In the coordinate system

{x, y, z} with the axis z being parallel to the d1rectlon I of the deuteron momentum, the
deuteron polarization parameters are expressed through the elements of the spin density
matnx of the deuteron in the following form:

= P:d = P\,‘ - p~1,—r 3 Px - .\/_Re(pl,ﬂ + p—l.ﬂ) ’

10

P! ==V21m(piy - p,);
T:d = pl‘{l + pi’l,—l ’ T,"? ‘/ERe(Pll{o "p:ll,o) >
T! = —\/_Im(p,’l0 +p 0) - ' 32)
Let us note that when the deuteron is longitudinally polarized (poo pIO Py = O),
then, independently of the magnitude of the amplitude ¢,, '

2 dpp <Y _o-) (= .’:-‘72 Pk
do(d + p = (pp)+n),, =2le (- 5B )|¥, (o F)a*H éﬂ’} d. 33)

d - -
At F°R” =1 the effective cross-section is equal to zero. In this case the charge-

exchange breakup of the deuteron in the forward direction is ‘forbidden due to the
cohsewation of the projection of the angular momentum onto the momentum direction
(this projection is equal to 3/2 in the initial state and to 1/2 in the final state, because the
angular momentum of the (pp) -system is zero).

Using the transversally polarized deuteron and protou it is possible to determine
the phase difference for the amplitudes ¢, and c,.

9. At the flight of the two-proton system in the forward direction, the distribution
over the proton momentum in the deuteron rest frame, taking into account the Coulomb
and strong interaction of the protons in the final state, is described by the integral factor

6)=|[%,0) oG %7
1t should e
t should be noted that, when neglecting the contribution of the deuteron D-state, the
distribution over the direction of the momentum is isotropic, independently of the
deuteron polarization. In the calculations we will use the Hulthen expression for the

normalized S-wave deuteron wave function having the correct asymptotic behavior’:
-r/p —a'/p

K B 69

Here p = l/\/me ~4.31 fim is the radius of the deuteron, d =1.7 fin is the effective

radius of the low-energy neutron-proton interaction, a = 6.25 (see for example. ®). If
the final state interaction is not taken into account (as in the papers ) we would hme

oF)=e”

87 1 17
G, (k)= ‘ - e
o) p—dp[n(kp)z a2+(kp)z]' e

However, this expression is incorrect at sufficiently small & (<1/p).

In order to estimate the contribution of the Coulomb and strong interactions of
two protons, it is possible to use the approximate formula for the wave function of the
relative motion of two charged particles, which is valid outside the region of the nuclcar

11



force action at the distances r << a,, r=1/k, where a, is the Bohr radius (for two
protons a, =57.5 fm; thus, p << a,). This formula is™10;

¢£__)(r)'___‘/—(k—) :6(0[ f ( )(coskr—lA (k)sm kr)] 37

Here
2zfka,

Alk)=——FTT"—
(&)= expz/ka,)-1
is the Coulomb (Gamov) factor taking into account the Coulomb repulsmn of the

protons, .
i
kag g

So A
R C o

(38)

5(k);arg I{l +

f(k)=

h(k C+hnlka,) , - e

) S | B
where C 0.577... is the Euler constant. ‘ . ,
In so doing, fc(k) is the effective amplitude of the strong proton interaction,

renormalized by the Coulomb interaction, f, is the scattering length (f, =7.8 frp ), d,
is the effective radius for the low-energy scattering of two protons (d, =2.8 fm).
As a result, we obtain : :

AOIPPAPS 8 g,

p _ | _
1+ (ko) a? +(kp) ' @1)

870 (1)
Glk)= Ak
(k) i (k)

Then the expression (22) for the effective cross-section of the charge-exchange breakup
of the unpolarized deuteron on the unpolarized proton target in the forward direction can
be presented in the following form: :

do(d+p— (pp)+n) .. =§(2| G ‘2 +|c2 IZ)Q(x)xz dxdt , 42)
where x =k p (k =458xMeV /c),
—— Glk :
Q(x) ey ( ). ) 43)

According to Eq. (31) in the case of the polanzed deuteron and the polanzed proton one
should write in Eq. (42)

12

2|C|‘2+!czi2+3Tzo (Icnl Iczl) 3"'1‘ (Pud u) 3Rec,cz(- af)"‘ :

+3Imeyc; (T"’ [13” f])
instead of
2 I G l +| %) |

The formulae (41)-(43) are appllcable at the values x<1.5.
"The mqmentum dgs;nbutlons Q(x) 1and [0 (x) = E;i—pTGo (k) (the latter does

not include the contribution of the final state interaction) are given in Fig. 1.

Figure 1

10. Summary

a) In the framework of the impulse approach, the relation between the effective
cross-section of the charge-exchange breakup of a fast deuteron d +a —> (pp)+ b and
the effective cross-section of the charge transfer process n+a — p +b is considered.

b) It is shown that the study of the process d +p — (pp)+n in a beam of the

polarized (aligned) deuterons on the unpolarized proton target in the forward direction
allows one to separate two spin-dependent terms in the amplitude of the charge transfer

13



" reaction n+p—> p+n at the zero angle, one of which does not conserve and the other

one conserves the projection of the nucleon spin onto the direction of momentum at the
transition of the neutron into the proton. The expression for the effective crass-section of
the charge-exchange breakup of the polarized deuteron at its collision with the polarized
proton, containing the additional dependence on the phase difference of these terms and
the deuteron polarization parameters, is obtained.

¢) The distribution over relative momenta of the protons, being produced-in the
charge-exchange process d + p — (pp)+ n in the forward direction, is investigated with
taking into account the effects of the proton identity (Femn statxstlcs) and of the
Coulomb and strong interactions of two protons in the final state.
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