PHYSICAL REVIEW C VOLUME 53, NUMBER 6 JUNE 1996

Isospin invariance and the spin structure of the amplitude for the process®H+3*He— d?H +*He
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We analyzed the general form of all polarization effects in¥He- *He— d?H+ *He reaction. For this aim,
we parametrized the spin structure of the full amplitude in terms of the transverse amplitudes which describe
the different transitions between initial and final states, which in turn are differed by projections of nuclei spins
along the normal to the reaction plane. The isospin invariance of the strong interaction generates definite
symmetry properties of the transverse amplitudes relative to the chan@e eaos), whered is the deuteron
production angle in the c.m.s. We found all symmetry relations for the polarization observables3 the
+3He—d?H+ *He reaction, which are the generalized form of the well-known Barshay-Temmer theorem. We
consider the one-, two-, and triple-spin correlations’ i+ *He— d?H+*He. For analysis of the triple-spin
correlations, we focus on the structure functions formalism and show that a set of 41 structure functions
describes all such correlations. Isospin invariance simplifies the spin structure of the full amplitude at
#=90°; therefore, we calculated all polarization observables for this special kinem§S8€&56-
281396)02106-1

PACS numbdis): 24.70+s, 21.45+v, 24.50+g, 25.10+s

[. INTRODUCTION two protons in the*He nucleus indicate that this energy can-
not completely account for the difference between the bind-

The ®H+ 3He— d?H+ “He reaction lies in a group of pro- ing energies ofHe and®H.
cesses which are ideal for testing the validity of isospin in- Sauer[1] claimed that the Coulomb energy anomaly
variance (Il) in various polarization experiments, because(An=281+29 KeV) has to be mainly attributed to CSB in
both colliding particles {H, *He) belong to the same isospin the two-nucleon interaction. In light of the recent measure-
multiplet with differentl, values. If the charge symmetry ment of charge form factors of bottHe and3H, the same
breaking(CSB) effects are neglected, the alpha particle andanomaly has been estimated as=71+19+5 KeV [2,3].
deuteron are found to be in the pure 0 state. In an isospin More recent analysis based on the solution of the Coulomb-
invariant theory, the total isospin of the colliding particles modified Faddeev equations givasi=70%7 KeV [4].
and the total isospin of the final state are equal. The conse- Measurementg5—7] of the ratio of differential cross sec-
quence of such a case manifests itself in the simple isospitions of 7~ -mesons scattering ofHe and 3H targets indi-
structure of the amplitudes. On the other hand, the spin strucates charge symmetry breaking, which manifests itself in
ture of the amplitude of this process is rich enough to exhibithe difference between the neutron radiuskh[r,(3H)] and
a variety of possible polarization effects, which on first sightthe proton radius in>He [rp(3He)] in which r,(3H)
are independent on isospin structure of amplitude. —rp(*He)=(—30+8)10 3 fm [8,9].

The spin and isospin structures of collision amplitudes for The differential cross sectiondor all unpolarized par-
the processes+p—d+ 7 and *He+3H—d?H+*He are ticles), vector, and tensor analyzing powers have been mea-
similar (but are not equivalent due to differeptparities of ~ sured for the reaction?H+*He—3H+3He in the energy
» and “He). But from an experimental point of view, the interval (32-50 MeV. These measurements demonstrate a
reaction *H+3He— d2H+*He has evident preferences and significant violation of symmetry properties with respect to
characteristics: all particleén initial and final statesare  6=90° [0 is the production angle of final nuclei in the
charged and stabfethe 3He beam hadafter acceleration center-of-mass systefe.m.s) of the reactioh [10,11]. The
definite momentum and polarization; the inverse reactionsame is true in low energy collisions as wgll2—14. A
namely,d?H+ *He—3H+ 3He can be realized; théH beam  detailed examination of various possible mechanisms for the
in the initial state has definite momentum. 3H+3He=d?H+ “He reaction provides a theoretical expla-

The nuclear reactions in whicBH and 3He participate  nation of symmetry violation§15—2(.
allow examination of the violation of isospin invariance. On  Such symmetry properties of polarization observations
the other hand, calculation of the Coulomb repulsion of thehave general nature as a result of isospin invariance of strong

interaction. They are correct for some class of special pro-
cesses. To explain this, the colliding particles in the
*Permanent address: National Scientific Center—Kharkov Institut® + p—n+p, n+p—d+7°(%), *H+3He=d?H+“He re-

of Physics and Technology, Kharkov, Ukraine. actions are in the same isospin multiplet, but the third com-
Of course,®H is an unstable nucleus, but it decays through theponents of their isospins are different. Furthermore, total
weak interaction. isospin of the interacting particles has a single value. In such
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cases, there is a definite correlation between space-time affidh the final and initial state for the transverse component
internal symmetry properties of the reaction amplitudes. Into the reaction planeof the vector deuteron polarization,
this present study, we employ the isospin invariance of thend for the different components of the tensor deuteron po-
strong interaction as the internal symmetry. This correlatiodarization. We establish symmetry properties of all the ob-
appears as a definite symmetry of different polarization observables which are valid for any mechanism of the reaction
servables. The most simple example of such space-time syntH+ 3He— d?H+*He obeying isospin invariance. The po-
metry is given as larization phenomena which are induced by the polarization

of one of the colliding nuclei, namely®H+3He—d2H

+“He and ®H+3He—d?H+*He, are analyzed in Sec. IV.
These polarization effects include the dependence of the vec-
) ) _ ) tor and tensor deuteron polarizations on the vector polariza-
a relation between the differential cross sections of thejons of colliding nuclei. We obtain the expressions for all
above-mentioned reactions. This relation is a result of theorresponding polarization observables in terms of the scalar
known Barshay-Temmer theorg21]. Isospin invariance al-  amplitudes and establish their symmetry properties which
lows us to generalize this theorem in the case of different|iow from isospin invariance. The collision of two polar-
polarization observables for such proceds#%23. The va-  jzed nuclei with any direction of the polarization vectors is
lidity of these relations is based only on the general symmeznglyzed in Sec. V. The most general triple-spin correlations
try properties of the fundamental interactions such as isospifre analyzed in terms of the so-called structure functions
invariance andP inVariance, and therefore they must be (SF) We show in Sec. VI that a set of 41 SF's gives the
valid for any mechanism. complete information about such correlations. In Sec. VII,
The  reaction n+p—n+p  differs  from e consider the special case of transverse kinematics with

n+p—d+a%(7), because in this case we have two pos-9—90° and calculate all polarization observables in terms of
sible values of the total isospin. But isospin invariance meanfoyr independent amplitudes.

while introduces one, but very important, restriction on the
spin structure of the total amplitude, namely, it diminishes
the total number of independent amplitudes from 6 {@4.

Of course, this lowering of the number of amplitudes results

in definite properties of the polarization observables for the ytjlizing the P invariance of strong and electromagnetic
n+p—n+p procesy25-31. interactions which are responsible for tHel+3He— d?H

, |n3thi3 paper, we analyze the polarization effects in the, 4He reaction, the general expression for the spin structure
H+°He—d"H+"He reaction in a complete way. We of amplitude is given in the following form:

present the properties of the polarization phenomena which
are induced by isospin invariance. For this purpose, it is
necessary to parametrize the general spin structure of the full
amplitude which is valid for any mechanism of the reaction. ol TP
We focus in particular on such a parametrization which sim- F=i(1+o-nU*-Af;+i(1—o-n)U*-nf,
plifies the expressions for the polarization observables in the
terms of scalar amplitudes. The most suitable choice is the
set of transverse amplitudes. This choice allows us to ana-
lyze the problem of the full experiment. In a similar way the R R R R
same problem was analyzed for the processes +(o-m—ic- &) (U* -mfg+U* . kfg), (1)
v+N—N+ 7, N+N—=N+N, p+d—d+p, etc.[32].

Isospin invariance dictates a definite symmetry of the am- T -
plitude of the®H+ 3He— d2H+ *He reaction with respect to Where &= «/|«|, n=xXq/[xxq|, M=AX«; x andq are
the co¥——cosd change. At=90°, the spin structure of three-momenta ofH and *He (in c.m.s), respectivelyU is
the amplitudes can be simplified. Therefofe=90° is an the deuteron polarization vectory;(x2) is the two-
appropriate angle for such reactions. component spinor ofH(*He); f;=f;(s,cod), i=1-6, are

This problem was analyzed previougly3—33 in detail ~ SoO-called scalar amplitudes which depend on the total energy
for the p+p—d+=" and n+p—d+=° reactions. We s of the interacting particles and a@sand ¢ is the deuteron
present a generalization of this analysis for the reacfidn Production angle in the c.m.s. Due to the deuteron positive
+3He—d?H+*He. The spin structure of the amplitudes for P parity, U is an axial vector.

do B do
mw)—@(ﬂ— 0),

Il. SPIN STRUCTURE OF THE AMPLITUDE
OF THE °®H+3He—d?H+“He PROCESS

F=X202Fx1,

+(o-mtio-®)(0* -mfg+ U* - kfy)

n+p—d+7° and *H+3He—*He+ d?H must be different Any theoretical model which represents the internal struc-
due to the difference irP parities and the isospin of the ture of the interacting nuclei and the mechanisms of the dis-
interacting particles. cussed reaction does not have any effect on the general form

In Sec. I, we present the general spin structure of the fulbf Eq. (1). Therefore, the spin structure of the amplitude
amplitude for the*H+ *He— d?H+ *He reaction in terms of depends only on thE parities and the spins of the particles.
six independent so-called scalar amplitudes. We employ th®nly the weak interaction, whose effect is negligible in this
set of transverse amplitudE36—39. In Sec. lll, we consider process, necessitates effects a small change iflEq.
the production of polarized deuterons through the collisions Isospin invariance of the strong interaction results in defi-
of unpolarized nuclei. We obtain here the exact expressiongite symmetry properties for the scalar amplitudes
for the differential cross section with all unpolarized particlesf;(s,co9) relative to a co8——cosd (or #— 7— 6) change:
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TABLE I. The products of special combinations efmatrixes,A,; .

al\B— 1+a-n 1-6-n o-Mt+io ik G-M—ic- ik
1+o-n 2(1+0-n) 0 0 2(¢-m—io- k)
1-a-n 0 2(1-0-n) 2(6-M+id-R) 0
o-mtio R 2(c-m+io- %) 0 0 2(1- 1)
o-m—ig- & 0 2(6-M—io-R) 2(1+ 1) 0

fi(s,—cosd)=f(s,+cod),
fo(s,—cosd)=1,(s,+cod),
fa(s,—cosh)=fg(s, +cosb),
fa(s,—cos) = —fg(s,+cod), (2)
f5(s,—cosd)="f5(s,+cod),
fe(s,—Ccos9)= —f4(s,+cosp).

These relations are obtained from E#)) by taking into ac-
count isospin conservation ifH+3He—d?H+“He reac-

04(S,—COSB) = —gy(S, +Cc0H),
gs(S, —cos) = —gs(S, — cos),
O6(S,—CcO9) = +Qgg(S, +COH).

At 6=90°, we obtaing,(s,0)=gs(s,0)=0.

Every parenthetical expression in Eg) corresponds to
spin structure amplitudes of the ¥#24/2—0+0 processes
(but with different parities of colliding or produced par-

ticles), and three producu:TU*, U*-m, and U* .k de-
scribe the spin structure of the amplitude of the
0+0—1+0 processegagain with appropriate change of

tion. The total isospin of the initial system must be zero andarity). o _ _ .
the amplitudeF does not change sign, one can obtain from Parametrization of Eq(l) involves the introduction of

the generalized Pauli principle that

LR

—_ —

A

y X190 X2 3

In the framework of isospin invariancéHe and®H nuclei
are identical Fermi particles.

Equations(2) lead to numerous relations between polar-

ization observables of théH+3He—d?H+“*He reaction.

From Egs.(2), it follows immediately that under special ki-
nematical conditions, namely f@=90°, the number of in-
dependent amplitudes separable from &g reduces from 6

to 4.

transverse amplitudes to the theory, which provides an ap-
propriate method for analyzing polarization effects in the
3H and 3He process and, especially, for the study of a com-
plete experiment. One can see that combinations of

1+ on)/2 are the projection operators for tRel and 3He
( proj p

spin states where the direction dfis chosen as the guanti-
zation spin axis. Then, in this basis, the combinations

o-m* ok, being lowering and raising spin operators, have
nonzero matrix elements only between states®sf and

3He with different signs of spin projections. Such parametri-
zation of amplitudes diminishes possible interference effects

After some trivial transformations, the parametrization©f the f; ampg!itudgs in digfere?t simple polarization observ-
given in Eq.(1) corresponds to the so-called spin structureables for the’H+°He—d“H+"He process.

products of amplitudes for 1R1/2—0+0 and
0+0—1+0 processes. Indeed, Ed) can be written in the
form

F=in- O*(g1+ o ﬁgz)+0*rAﬁ-(ggc;~ rAﬁ+g4c;~ /A?)
+U*~;A?(gsc;'r%+96&~;?), (4)

where the new amplitudes are connected with amplitidgdes
by

g:=f1+fa, go=f1—fy, ga=f3+fs,
94=i(f3—fs), gs=Tfs+fs, Qge=i(fs—fg). (5
Equations(2) and(5) give
g1(s,—cosd) = +g4(S, + o), (6)

02(S, —Cos) = + g,(S, +cog),

g3(s,—cosd) = +gs(s, +cosd),

Let us write the connection between the amplitufjesnd
the helicity amplitudes commonly used for analyzing the po-
larization effects. Denoting the helicity amplitudes as
Fa, g Wherehg,hp are the helicities of particles with

x1 and y, spinors, and\ is the deuteron helicity, one can
find the following relations:

Fo s 0= —sind(f3—fs)—cosh(f,—fe),
Fi_o=ising(f3+fs)+icosh(f,+fg), @)
V2F, ,  =f,—f,—icost(fs+f5)+isind(f,+fe),
V2F __  =i(f+f,)+cos(fa—f5)—sing(f,—fg),
V2F _, ,=f,—fo+icodh(fs+fs)—ising(f,+ fg),
V2F,  ,=—f,+f,+icosd(fa+fs)—ising(f,+fg).

If parametrization of Eq(1) for the amplitudes is valid

for direct and inverse processes ®fl+3He=d?H+“He,
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the relations between the helicity and scalar amplitudes for \2F. . =ising(f,+ f,)+cosd(f;—f,) +i(fa—fs).

these two processes must be different. Indeed, for the inverse

process, d°H+*He—3H+3He, with helicity amplitudes The relations between the helicity amplitudestransversity

F, ..., ONe can obtain instead of E(f) formalism and the amplitude$; are given in the Appendix.
d:*17%2

I1l. COLLISIONS OF UNPOLARIZED NUCLEI

For+=—fatfe, Fo_,=i(fat+fg), 8
We calculate now the simplest polarization observables
\/§F+,++=iCOSH(f1+fz)—Sinﬂ(fl—fz)—f3+f5, which are connected with one or two polarized particles in
initial or final states. The products of special combination of
\/§F+,__=—icosﬁ(fl+f2)+sin0(f1—f2)—f3+f5, o matrixes, which are necessary for such calculations are
given in Table I.
\/§F+,,+:isina(f1+f2)+cos9(fl—f2)+i(f3+f5), Using the results of Table | one obtains

LFFRT= (140 m{|1,]2]0 - A2+ |fs0* - m+ 0% - £]2)

=(1—0-M{[fo|40-A]2+]|f50% - m+£,0% - &2

e
50

+20-mIm{—fo(fE0-m+ 0. &) U* A+ % (f,0% - m+f,0*-2)U i}
+20- % R~ (20 -m+ 120 0)U* - A+ 15 (f,0% - m+1,0% . ©)U-A). (9)

Utilizing Eq. (9), it is straightforward to calculate any polarization observable associated with the polarization of the
nucleus®He (with spinor x,). For the polarized nucleus beintid (with spinor y,) it is necessary to use the produetF:

LETE=(1+0-A){| 1|20 A2+ f0% -+ f,0% - 7|2
= (1= - M){|fo]?0-f]2+]|fs0* - M+ fgU* - €2+ 20 M IMA+ 25+ % ReA, (10
where
A=13(f0% -+ f,0% - ©)0-A— f* (f,0%* - M+ fsU* - £)J - .
Using Eq.(9) or (10) one finds for the case of the collision of both unpolarized nuclei:

FTIFF =4 TrFTE=|A- U|2(|f4|2+|f2|2) +[U-M2(| 32+ F 4|+ |U - ] 2(| F 4| >+ F6|2)

-

+(0-m0* - &+ U- R0* - M) Re(f4f% +f5f5) +i(U-mU* - &— G- k0* - M) Im(f4f% + f5f%).
(13)

Summing over deuteron polarizations one can obtain fronThis result shows that the differential cross section does not

Eqg. (12) the following expression for the differential cross contain any amplitude interference terms.
section: The symmetry properties of the amplitudégs,cos)

[Eqg. (2)] result in the definited dependence of the differen-
tial cross section, namely

do 1 |(i| | = N

== — : TrF'F=~ ; TrF'F, 12

dQ  64n°s |, * 4 (12 4o o0
E(W— G)ZE(%))- (14)

where the line abov&'F denotes summing over the deu-

teron polarizationdJ U, = 8,,. We neglect here the three- 0 . ) ) o
momenta of the deuteron in comparison with its mass, hiS property ofdo~/d(} is valid only for exact isospin in-
variance of a strong interactiathe Barshay-Temmer theo-

namely|q|/M<1.
' rem[21]).
Then f Eq.(11), find S
en from Eq/(11), one finds Nonzero components of the tensQ{”® [which is de-
fined asU,Ur=(1/3)5; +Q%’+ie S, and describes in
0 ; b J 1] ] . .
Cartesian coordinates the quadrupole or tensorial polariza-

i% 2 2 2 2 2 2
dQ (B2 IFl " [+ [T " [f [ Fel . (13) tion of the deuterohare given as
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do?® Q\%9(s, —cos) = — Q\%%(s, + cos),
Q(OO ~— |12 [fo]2 4] f4) 2+ 6|2,

0 P95 —cosf)=—PL%%s, +cosh),
(0, 0 e 2_ 2 2 2

Qi qq = Tl Ifl S e Tl (19 and can be considered as a generalization of the Barshay-
Temmer theorenj21] for the polarization properties of the

Q(OO ~ Qo O)dtf ~ Re(fof* +ff%) produced deuteron. All these relations are consequences of

kM qQ) 374 71576/ isospin invariance. Existing experimental data for the inverse

processd’H+“*He—3H+3He also prove the validity of
where the upper index0,0) indicates that both initial par- similar relations for the analyzing powefgue to the tensor

ticles are unpolarized. and vector polarizations of a deuteron bgam
From Eg.(11), one can see that the produced deuteron

also has the vector polarizati¢tf®? with the only a normal

_ IV. POLARIZATION PHENOMENA FOR THE
nonzero component: *Fi+3He—d2H +% He AND 3H +3He—d?H +°He
0 COLLISION
(© O)d‘T * *
F)nY Em_ Im(f3f4+f5f6) (16)

Let us consider the case when one of the colliding nuclei
The deuteron polarization observables satisfy the follow{*H or *He) is polarized. First, we analyze the scattering of

ing symmetry conditions: a polarized beam®H) on an unpolarized targetkie). In our
notation, the®H beam is described by spingy; .
Q9(s,—cos) = +Q\%9(s, + cos), (17 (I) The results of the analysis of all three possible inde-

pendent spin orientations H nuclei are given below.

Q%2(s,—cos) = + QI (s, + cosh), (1.1) H polarization vector is along:

L TIER o A= A2 f o2 £5/2)+] G- m|2(|f]2—|f5[2)+ |G- &1 %(| £ >— o)
+(0-mU* - k+0-R0* -m) Re(F3f,—f5f2)+i(0-m0* - i— G- RU* - M) Im(F% f,— 5 fe). (18)

A nonzero analyzing powekh(™? characterizes the production of an unpolarized deuteron:

(no)d(ro 2 2 2 2 2 2
Al m*(“ﬂ —|fao+|f3 "+ |fa]*—f5]"—[fe[). (19

Such a polarization observable depends only on the absolute values of the amglitudes
The tensor polarization of produced deuterons is characterized by the following nonzero components of tf(@i(j‘l(?hsor
[the upper index 1{,0) indicates that we have collisions of a polariz&d beam(in the n direction with an unpolarized
3 .
He target:

do®

T —= QY — [ 4|2+ |f,] 2+ 32— |f5]?,

d 0

o) —= QU0 — [ 4|2+ |f, 2+ f5]2—|f4]2, (20
d nO) (nO 0 * *

The vector deuteron polarization must be transverse:

do
P<"°dQ — Im(f4f% —f5f%). (22)

(1.2) 3H polarization vector is alonm:

> ->

LTEEg. &= (0 -mU* i+ U* .m0 - f) Re(f5 fa— f1f5) +(0- &0* - A+ 0% - R0 -A) Im(f5f,— f,f%)

- -

+i(U-m0* -i—U* - @0 - 6) Re(f,f% +,82)+i(U-k0* -i—U*- 20 -f) Re(fofX +1,62). (22
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It follows that there are nonzero polarization observables given by

Qo 7 — Qo 97— im(t 2 +,13),

mn dQ
(mO) (mO)d * *
Qi Q =Qi — Im(f1F5 +£,15), (23)
do do
F><m°>dQ — Re(f,f5+f,f%), Pﬁnm'°>m~ Re(f,f% +f f%).
(1.3) ®H polarization vector is along:
LTEEg. k= (0 -mU* i+ U* -A0 - M) Re(fX fa— f,f5) + (0 &0* -A+U0* A0 - &) Re(f%f,—f,f%)
—i(G-m0* -A—U* - @0 - 1) Im(f3 fa+ 5 ) —i(U- k0* -Ai—U*- 20 -A) Im(f,fX+55,).  (29)
The nonzero polarization observables can be found as
(K,O)d (KO) * *
an do Qnm dQ Rdf2f3_flf5)’
<K0>d <K0)d * *
Q.n o) =Qne dQ~Re(f2f4—f1f6), (25
(k,0) do * * (KO)d‘T * *
PLO g = IM(F5 et fafs), PR ~— Im(f1fE —f,15).

(I1) In the case of scattering an unpolarized beantldfon a polarized®He target, we also consider all three possible

orientations of the’He polarization vector.
(I1.1) Target is polarized along;
§ TFFTa-f=[U- m2(|fs|?—[f3]) + [0 A2(|F2|*= [fo]?) + U - &[2([f6|*= |fa]?)

U. %) Re(ffo—faf*)—i(0-mU* - &= U* -m0- &) Im(fX fg—f%f,). (26)

3

+U*

x>

+(U-my* -
Nonzero polarization observables are as follows:

do
A<0v")m~|fl|2—|fz|2—|f3|2—|f4|2+|f5|2+|f6|2'

Qgr?rg dQ ~— 4|2+ 2= f4 2+ [f5]2,

do
QN — FTo) ~—|f1 2] f 2= f42 4| fo]2, (27)

do
E]?;;n) do QE{Omn dQ d f fj+f5fg)1

do
Pgovn)d_ﬂm |m(—f3f2c + foE)

(I1.2) Target is polarized alond]:
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-

RO A+ 0% RU-A) Im(F* 4+ F,f2)

-

LTrFF o= —(U-m0* -+ 0% -m0-[) Im(f* f4+ f,f%)— (U
+i(0-m0* -A—U* - M0 - ) Re(f,f% +1,f2)+i(U-k0* -Ai—U*- 20 -A) Re(f* T, +1,05).  (29)

As a result, we have the following relations for nonzero polarization characteristics of tensor and vector polarization of
deuterons:

do
Q(Om) ) ngmm)m,\,_ Im(f, f*+f fz )
do
QU Gy = gy =~ MU0+t 29

do do
P gq ~ Relfifi+1208),  PR™og~— Re(fif+1505).

(1.3) Target is polarized along:

CL
*
xw

LTrFRTe- 7= (0-mU* -fi+ U* - mU - f) Re(3 fa—f,f2)+(U- 70* i+ U-) Re(f} f,—f,f%)

+i(U-m0* -A—U* - @m0 - 1) Im(ff% —f,85)+i(0- k0% -Ai—U*- 20 -A) Im(f* f,—f,62).  (30)

T_he following formulas are valid for the nonzero polariza- QMm9(s —cosf)=+Q%™ (s, +cos),
tion observables of the deuteron:
Qin?(s,—cost)=—QG™ (s, +cosy),

o 35 a0 Qg?ﬂk)dn Relfafs —ff5), P(MO(s,—cosp) = +PO™(s, +coss), (33

do PiMO(s,—cod) = — PP™(s, + cos).
Qa4 Q<°K> ~ Re(f,f5 —f,f%), (3D " "
(C) Polarization of °*H or 3He alongn:

P(OK (dj_QN |m(f1fz_f2f~g)’ Q(KO(S —COS9)——Q(OK)(S +CO$)

Q\x9(s,—cost) = + Q% (s, + cod),

do
0w 29 __ T
P g~ Refifz —fafs). PO(s,—cosd) = — P2 (s, + cos), (34)

Taking into account these formulas for the polarization P9(s,—cos) = + PP"(s, + cos).

observables and the symmetry properties of scalar ampli- _ o _ o
tudes, Eq.(6), we can obtain numerous relations between We see that the isospin invariance relates the polarization

these observables. observables forH+3He—d?H+*He and 3H+3He—d?H

(A) Polarization of 3H or 3He alongn : +“He for the same spin orientations of initial particles but at
different angles, namely and 7— 6.

Therefore, all relations witly-) sign predict the zero val-
ues for the corresponding polarization observables at
#=90°. Such observables must change sig®-a0°, so

Q0(s,—cos) =+ Q'%"(s, + cos),

(n,0) (0,n)
Qi (S, —C€08) = + Q' (s, +cosh), this angle is especially appropriate for testing the validity of
(I and examining the effects dfl) violation. The latter
Q'"O(s, —cosd) = — Q%M (s, + cos), (32)  effects must correspond to a change of position for the zero

crossing of corresponding observables. Similar changes can

P(nn,o>(5, —cos) = — Pgo'”)(s, +cos), be measured with high accuraf®6-31].
A(”'O)(s,+cos¢9)= +A(°'”>(s,—cosﬂ). IV. COLLISIONS OF THE TWO POLARIZED NUCLEI
We now consider the dependence of the differential cross-

(B) Polarization of *H or 3He alongm: section of the®H+3He—d2H+*He reaction on the vector
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polarizations of both colliding particles. Using tReinvari-
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It follows from Eq. (2) and Eq.(37), that the definite sym-

ance we obtain the most general form of such dependencemetry properties must be valid fd;; :

dU’ N dO’O (mm): > N >
dQ(Pl, 2)— Q[1+A m-P,m- P,
+AME. BB+ AR By k- By

I%] IS I:é F_SzA(m'K)+ I%ﬁ F_Szl’\-() F_))lA(K’m)].
(35
The analyzing powerd()) are proportional with
1 TrFo-PFlo-P,, (36)

where the line denotes summation over deuteron polariza-

tions, and yields:
do
A(n’n)d_Q“|f1|2+|f2|2,
P % " .
A m*z Re(f f; —f3f5 —fafs),
AT 8T e £+ o f 3
aa” e ff5 +faf5 +faf5), (37
-2 Im(flf’2‘+f3f§+f4f§),

Alcm do ~
aQ

(m, k) dO' * * *
Al m%2 |m(f1f2—f3f5_f4f6)-

>

where we make use of the following notations:
Sj(tl—t5)=ﬁ1iﬁ1]-tl+ ﬁiﬁjtz‘l‘ Rifcjt3+{ﬁ1,f<}ijt4

+|[r’h1;}]ljt51

Ajj(tog—toe) ={M,N}jjtoet{k,N}ijtor+i[M,N]jj e

+i[l’\(,0n]ijt29, (41)

andt;(s,co9) are the real structure functions.

—tg)+1i-PyA-P

AN (s —cosd) = +AMN (s, +cos),
Al)(s —cosd) = + A (s, + cod),
AMM (s —cosh)=+AMM(s +cosh), (38
AlM(s —cosd) =+ AN (s, +cod),

AMA)(s —cosh) = +AMX)(s, +cosh).

V. TRIPLE POLARIZATION CORRELATIONS

We need the specific structure functions formalism in or-
der to study the correlation of the polarizations of all three
particles in the®H+3He— d?H+“*He reaction. To explain
this, let us consider the following tensor:

Tij=4 TtFio-P.F]o P, (39)
with
=U* -F=U’F;.

Taking into account thé invariance,T;; can be written

in terms of polarization vector®,; and P, of the colliding
particles as

-

2Sij(tg—t1p) + k- P1k- 'sti' (t11—ty)

2S| (ti6— t20)+K le st (ty—tys)+m-P

n PzA”(tze too)

-

2A|1(t30 t33)+K Pln PzAu(tss ts7) + ﬁ'Plf?'lszAij(tsa_tm). (40

The symmetrical part of;; defines the tensorial deuteron

polarization(in its dependence oﬁl andP,), and the anti-
symmetrical part off;;, the vector polarization of the pro-
duced deuteron.

ThereforeP-even correlations of initial vector polariza-
tions such as

O
.

=

ol
N

m-

5 A
O o
= =
o V04 X0
e el
N N

3

o
A

x>

s
N
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and tg=|f4|%+|fq|?,
% Pym-P, to= — Re(fafX +15f2), tio= IM(faf% +1,f2),

result in the following three nonzero components of the tig=to=—2 Imfsf¥, t7= —ty=—2 Imff5,
quadrupole deuteron polarization tensQ¥;,:Qmm,Q

and Qu,«=Q,m, and the normal component of vector deu- t,g=t,s=—2 Imf,f%, tig=tyy=—2 Im(f5f+1,f%),
teron polarizationP,, .

As an example, one can obtain tog=tos= — Re(fafy —f4f%),

Qi =t1—t, toe=— IM(FofE—,%), ty=— Im(fifE—f,f5),
QN M=ts—t,, trg= Re(f,f5 —fof3), tro= Re(fyifg —1,f7),
Q#nnlm)%t4l tgo:_ |m(f1f§_f2f§), t31:_ |m(flfz_f2fg),
P ~ts. ta= Re(f1fi—12ff),  ta= Re(fif] —fofF),
P-odd correlations of initiaP, and P, polarization vectors, tas= — Re(fifE +15f3), tas=— Re(fifg +1,f%),
namely,
o tae=— Im(f,f5 —f,3), tg=— Im(f.f5 —f,f7),
m-P,A- P,
~ ~ t38: qulf§+f2f§), t39: Rdflfz+f2fg)a
fi-Pym- Py, . . . .
t40: Im(f1f3+f2f5), t41: Im(f1f4+f2f6)
<-P1fi- Py, All these functions have definite symmetry properties
and relative to change of c@s-—cosd, namely,
o e L ti(s, — co) =t;(s, +cos)
n-P,x-P,

for i=1,2,3,6,7,8,11,12,13,17, and 22,
produce two othefnondiagonal components of th);; ten-
sor, i.e.,Qn, andQ,,,, and two components of the vector t;(s,—cos) = —t;(s,+cos)
polarization of the produced deuteron in the plane of reac-
tion: P, andP,,. for 1=4,5,9,10,14,15,16,18,19,20,21,23,24,25,
On the other hand,
tog(S, — COH) =t3((S, + COH),

g g
(mn) (mn) ~7
Qumn dQ ~las: Qun a0 ~tar, t,7(S, — COSH) = —t54(S, + COH),
B(mn) do t p(mn) do » tog(s, —cos) =tzy(S, + cos),
m d_QN_ 281 K d_QN 29-

tog( S, — CO) = —t34(S, +C0H), (43

Using Eqgs.(39) and (40) one finds the following expres-
sions for all 41 structure functions in terms of the amplitudes
fi .

t34(S, — CcOoY) = —tzg(s, + COH),

t35(s, —CcosY) =taqs, +COH),

i+ *
=~ =2 Ref5f5, (“42) tag(S, — COSH) = —tyo( S, + COSH),

_ _ *
t2=11,=2 Reéfy 3, t37(S, — COSA) =144(S, + COH).

t3=—t13=2 Ref,fg, Of course all these relations could be easily transformed
into definite relations between polarization observables of
— — * * > J— >
ta= —tis= Re(f5fg +14f5), the 3H+ 3He— d?H+ *He reaction.

— 4 * *
ts=~t1s= IM(f5fg —f4f5), VI. POLARIZATION EFFECTS IN CASE OF 6=90°

_ 2 2 DEUTERON PRODUCTION
te=—|f3|*—|fs|*,

As it was mentioned in the Introduction, the spin structure
t,=|fq]%4]f,)% of the total amplitude of the procesble+3H— d?H+“*He is
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simplified for special kinematical conditions, namely for transverse spin structure. Naturally, the analysis of the com-

deuteron production a=90° in the c.m.s. of the considered plete experiment for such a kinematical condition is simpli-

reaction. This simplification is a result of the isospin invari- fied.

ance of the strong interaction for the specific initial states Let us analyze this question in more detail. The amplitude

with both particles belonging to the same isospin multiplet.F contains in this case, namely a&=90°, a contribution

We can consider this simplification as a generalization ofrom only four independent amplitudes:

collinear two-particle collisions. In the last case the spin R ) )

structure of the amplitude is simplified due to the conserva—F:(1+(} ﬁ) nfl+(1 o n)U* nf2+|g rﬁlj*.rﬁfs

tion of the total spin projection. Therefore this symmetry R

property is transformed for théHe+3H— d?H-+“*He reac- +o-rRU* ,?f4, (44)

tion for 6=90° to a similar simplification of the spin struc-

ture of the total amplitude. As a result, we obtain definite andvhere the amplitude ;_,4(S,c0S90°)=f;_4(S,0)="f,_4(S)

specific predictions for polarization experiments. depends now only on the energy of colliding particles. Of
The polarization effects on the deuteron in thecourse, all four amplitudes are complex functions of the vari-

p+p—d+a* reaction atd=90° has been studied in Ref. ables.

[34]. As in the general case, for the analysis of polarization
In this paper, we employ the parametrization of the am-effects in *H+*He—d?H+*He, at #=90°, it is necessary

plitude for the *H+3He—d?H+“*He reaction, namely, the to calculate the following two products:

|
FFT=2(1+ 0 A)|U* -f|2|f 124+ 2(1— o @) U* - 1|2 f 5|2+ U* - M|2|f 524 | 0% - 2|2 42

>

+20-mIm{(f1+f,)f30-m0*-A—(f,—f,)f;0- *0*- A}
+20- & Re{(f1+1,)f50- RU*-A—(f,— ) f50-mU*- A} + 2011 Refof50*-mU*- &, (45)
and

FTE=2(|f4|2+|f52)|0- A2+ 2(| 12— |,|2)| G- A2 i+ |f5]2]G - M2+ 42| 7|2+ 20 M Im{(f,+ ) £50-m0*- A

+(F1—f)f30-RU* -k +20- & Re((f1+f,)f50- RU*-f—(f1—f,)f30-MU* i} — 20 fi Ref4f4 - U*-mU - &.

Formulas (45) and (46) allow us to calculate all pol- (a) The differential cross section of the production of the
arization effects in the 3He+3H—d?H+*He reaction, unpolarized deuterons contains only the squares of the am-

namely, 3He+ 3H— d?H+*He, He+3H—d?H+%He, 3He  Plitude moduli:

+3H—d2H+“He (only one patrticle is polarized in the ini- do? ) ) ) )
tial or final stat¢, 3He+3H—d2H+“He, 3He+3H—d2H d_Q~|f1| +[ o] 2 4 [f5] 5+ f4l°. (48)

4 3 30 q2 4 . . .
+"He, "He+*H—d"H+"He (any pair of the particles in the (b) The tensor polarization of the produced deuterons is

initial or final state is polarizedand *He+ 3|i|._,32H+4He characterized by the following nonzero components:
(all three nuclei with nonzero spin are polarized

Indeed, the differential cross section of collision of the (0,0 do® 1f 2 [£2 4 [£.42
both unpolarized nucle?He and3H with production of the Qmin oy ~ ~Ifal "= f2l*+[fal%,
polarized deuterons is defined as 0
Q(°° ~—[fa 2=t 2+ fal2 (49
do t—1 et
aQ s TIFFT=3 TF'F (c) The vector polarization of the produced deuterons is
equal to zero exactlyfor any mechanism of the considered
R R reactior).
=(|f42+f,]?)|0-A|2+|0-m|?f4]2 The next step is the calculation of scattering asymmetries

(or the analyzing powein 3H+3He—d?H+*He which are
R induced by the vector polarization of one of the colliding
+]U- &[314]% (47 nuclei.
(1) The scattering of a polarizedH beam by the*He

i 113 2 4
Equation (47) covers the description of the following UnPolarized targefH+*He— d*H+*He. .
cases. (-1) The ®H beam is polarized in then direction:
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L TR Fo-m= 2 (U-m0* A+ U-A0* - @) Im(f,+ ) f5+ 2 (G- R0* -+ U -AU* - &) Re(f,—f,)f}

+5(=U-m0* - fi+U-A0* - m) Re(fy +f,) 3~ 5(U-#0*-A-U .- &U* -A) Re(f;—f)f}.  (50)

(a) The asymmetry of the production of unpolarized deu- (a) The asymmetry of the production of the unpolarized
terons must be equal to zero. deuterons is nonzero:

(b) The nonzero components of the vector polarization of
the produced deuterons can appear in the scattering plane
only:

do
| A(n'o)m*|f1|2_|f2|2- (59
g
P g ~ Re(fi+a)f3,
(b) The vector polarization of the produced deuterons has
do only the normal component which is defined as
P&T")d—ﬂw Re(f;—f5)f. (51)
(c) The tensor polarization of the produced deuterons is pgnyo)d_(’%_ L imfqf;. (55)
characterized by the following nonzero components: dQ
do do
m0 27 _Amo 2% 1 n * (c) The nonzero components of the tensor deuteron polar-
Qmn g =Qnm- g = 2 IM(fa+ T2)Ts, ization are given by

do .
Q(mO)dQ_QmO)dQ dIm(fi-f)fi. (82
(n 0)~|f1|2_|f2|

(I-2) The beam of®H is polarized in thei direction:

LTIETEg-fi= (|2~ |f,|2)|0 12 deﬂ Q!no dQ~—%Ref3f2. (56)
— 1(G-m0* - i+ U*-m0- ) Ref5f}
T T -
+ E(Umu* -k—U*-mU-x Imfsf). (53 (1-3) The 3H beam is polarized in th& direction:

LTrEtEG- &= 1 (0. RU* i+ U* R0 - ) Re(fy+fo) i+ = ( U-mU*-fi+0*-mU-f) Re(f,— f,)f}

L (G- A= G* M0 -1) Im(f,— f)f5.  (57)

(&) The analyzing power for producing the unpolarized deu-

g
terons must be zergfor this spin orientation ng'o)d—Q” Im(f,+f,)f5,
(k,0) — do
ATT=0. (58) PO~ ~— Im(f,~,)f}. (59

(b) The vector polarization of the produced deuterons is
characterized by two nonzero components in the reaction (c) The nonzero components of the tensor polarization of
plane which are determined as the produced deuterons are given by
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(0 do w090, . (Il The analyzing powergor asymmetriesfor the scat-
Qln Ty —Q dQ ~ 3 Re(f1+fy)f;, tering of the unpolarized bearfH by the polarized target
3He can be calculated in a similar way. All three possible
spin orientations of the polarized target and their conse-
guences are given below.

Qﬁfﬁo)dﬂ Qn'FnO)dQ 7 Re(f;—f))f3. (60) (I-1) The target is polarized along th® direction:

LR e m= (0. mU* A+ 0% m0-A) Im(f,+f,) f5— (G- #0* -A+0*- 0 - A) Im(f,— f,)f}

—i(G-m0* -A—U*-mU-f) Re(f,+f,)f3+i(U- &0

>

~U* %0-A) Re(f,—fo)f5. (61

JL)

This expression contains the following information about do
the polarization properties of the deuterons produced in the Q(n?r:n dQ =Qmm” qa_" 2 3 Im(f+f5)f3,
reaction 3H+3He— d?H+ *He.
(a) The analyzing power corresponding to production of
the unpolarized deuterons is equal to zero exadty this
spin orientatiop Q<0m Q(0m> ~ 3 Im(f,—f,)f}. (64)

K,N dQ
AM =0, (62

This result is the consequence of tReinvariance of the  11a56 nonzero components@fjo'm) are the consequence of
strong(and electromagnetic alsinteraction. P invariance.

(b) The vector polarization of the produced deuterons is
characterized by two nonzero components in the decay (lI-2) The target is polarized along tiedirection: It can

plane, namely: be shown that all polarization characteristics of the produced
deuterons coincide with corresponding characteristics for the
P(O,m)d_0-~ Re(f,+1,)f* scattering of the polarizedH beam(with the polarization in
< dQ v

the i direction. Only the deuteron vector polarization has

different signs for the®H+3He—d?H+*He and 3H+3He

d
ngmﬁw Re(fy—f,)f}. (63  —d?H+*He scattering.

(II-3) The target is polarized along the direction: As
(c) The tensor polarization of the produced deuterons isisual it is necessary to calculate the corresponding trace,
characterized by the following nonzero components: namely,

LTrFFT o #=U- R0* i)+ U*- &0 - 1) Re(f,+f,)f5+(0-m0* - +U*-m0 - 1) Re(f,—f,)f}

C¢
3¢’
C

*
S

|
C

*
3
C
3 >
3
_—
=

+i(U- k0% =0 U -A) Im(fy+fo) f5—i( f)f3. (65

This result allows us to obtain the following set of the stan- (b) The vector deuteron polarization is characterized by
dard predictions. two nonzero componentin the decay plane: due also B

(a) The analyzing power, corresponding to the productioninvariance
of unpolarized deuterons, must be equal to zero

pow 87 1y e,
AOM _q, (66) modQ 4

for any values of the independent amplitudgs-f, (due to 0x) 29 do ~ 1 _ *
the P invariance. P g ~ 2 Im(fa—fa)fs. (67)
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(c) The components of the tensor polarization of the pro- do?® ) o 4 X 5
duced deuterons is characterized by the following expres- Ammm*”ﬂ +[2%) = 2 (Ifs]“+[f4l%),
sions:
do?®
K do K do * A(K'K)_%_l(|f3|2_|f4|2)+2Rdlf*y
Q% )dQ—QO >dQ 1 Re(f,+f,)fr, dQ 2
A(m,K)d;‘o - _A(K,m)d_UO~2 |mflf; .
Qrﬁn“dﬂ S AL dq dix

nm dQ
The vector and tensor polarizations of the deuteron are
After this the analysis of the polarization phenomena incharacterized in terms of the set of 41 S§{s,0). Using the
the 3H+3He— d2H+%He and 3H+3He—d2H+%He colli- amplitude parametrization, E¢44), we can obtain the fol-
sions with production at 90° of unpolarized and polarlzedlow'ng expressmn for these SF's in terms of the transverse

deuterons becomes complete. amplitudesf;, i=1-4:

In the next step, we will consider polarization phenomena t,=1|f4[2 (72)
for the case of collisions of both polarized nuclei, 172173l »
*H+3He—d?H+“*He (for 6=90°). t,=2 Ref, f*

If the polarization of the final deuteron is not detected, the '
dependence of the differential cross section on the polariza- ta=— 1,2
tion vectorsP,(3H) and P,(3He) can be written in the fol- 3 24
lowing form: t,=ts=0,

do . . do? A

E(Plypz):m[l+A(m’m)rﬁ-P1m~P2 te=— 7 f3l%
A o e s =2 Rdf,f}
+AMVA. B A-Py+ AR g PPy 7 ez,

- - —11f ]2

+AM K)m p K- |:>2 + A 2 |31rﬁ'|32]' tg=3 |f4| )

(69 tg=110=0,
where A™™ ... A(M gzre the corresponding analyzing ty= — 3 |f4/2,

powers for the 3H+3He—d ?H+“He reaction. As can
be seen, it is the most general expression for the

(do/dQ)(P4,P,) which is valid for any two-particle colli-
sions (with vector polarization of both colliding particles
The structure of Eq(69) is valid not only for the collision of
two particles with spin 1/2, but for any values of nonzero
spin (in the special case of vector polarization if the spin is
greater than 1/2 Equation(69) generalizes the spin depen-

dence of the total cross section for aﬁyB collisions @
andb are some hadrons or nudleinstead of the traditional
two-spin correlation§40] for the total cross section, we have
five independent spin correlations for the differential cross
section which is fixed by th® invariance only.

Equation(69) is valid for anyd production angle, except
0=0 or #=1. In this case the spin structure of the differ-
ential cross sections is defined by two-spin correlations only
(as in the case of the total cross sectian

do . . do?®
d_Q(PlvPZ)f):O,Tr i) —~(1+A,P;- P+ AP, - KPz K)

(70

Asymmetries in Eq(69), #=90°, are given with the fol-
lowing expressions in terms of the amplitudgs- f 4

da?®
AMM —_—_

qo = P =If®)+2 R, (71)

tyo=|f4|2+[f,]%
tis= — 3 [f4]?

t14=t15=t16=115=0,

t17: 2 |mf1f* y

t19:2 Imf3f* y
t20: - % Ref3f* y
121=123=0,

t22=_2 |mf1f§,

_ 1 *

t24—_ 5 Imf3f4,

tys= — 3 Refsf},

tye= Im(f;—

f2)f3,

f2)f3,

t27: |m(f1+ f2)f:1!

trg=— Re(f,— tyo=— Re(fi+fy)f;,

tzo= Im(fi—f)f3, ty=— Im(f +f)f;,
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teo=— Re(f;—f,)f3, tgg= Im(f +f,)f},

tas= Re(f1+1,)f5, tss= Re(f;—fy)f],
tag= Im(f +fo)f5, ta;= Im(fi—fy)f},
tag= — Re(fi+f,)f5,  tag= Re(fi—f,)fh,

t40:_ Im(f1+f2)f§| t41: |m(f1_f2)f:1
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ance of the strong interaction, the amplitude of tPid
+3He— d?H+*He reaction was parametrized in terms of six
independent complex amplitudes. The nucldiand *He are
described by two-component spinors and the deuteron by an
axial vector. The structure of the interacting nuclei and the
mechanism of the reactioAH+ *He—d?H+“*He define a
definite form of these six scalar amplitudes. A general analy-
sis of the polarization effects in this reaction can be per-
formed in terms of these amplitudes.

Despite the evident equivalence of different possible pa-

We can see from these expressions that there are mapymetrizationg14,41,49 of the spin structure of the total

different observables for the polarized particles in the initial
and final states in théH+3He— d?H+ *He reaction. Mea-

surements allow us to determine not on|y;(s,0)/?,

i =1—4, but the relative phases of the four independent am

plitudes through their interference contribution, (R and

Imfifl-*). Therefore there are many ways for obtaining full

amplitude for *H+3He—d?H+*He, the parametrization
which is known as transverse amplitudg&6—39 is more
appropriate for this particular reaction. The main advantage
of such a parametrization is simplification of the expressions
for the polarization observables.

The most trivial set of polarization observables Hf

experimental knowledge of the spin structure of the ampli-1. 34e , 421+ %He reaction, which are dependent on the
3 3 2 4 H ] . ! .

tude for the*H+*He—d“H+ "He reaction. The first step of gquares of moduli of transverse amplitudes only and do not

such experiments must be the determination of the moduli ofontain any interference contributions, is found. An impor-

the four independent amplitudes as a function of the singlgant point to be noted is that the differential cross section

variable s. The simplest polarization effects that arise in (with all unpolarized particles in the initial and final states

3H+3He—d?H+*He as defined byf;|? only are as fol-
lows:

do® do®
- (n,0) — A(0N) (nn)
dQ’ A AT A da’
0 0
amm S8 a0 ST e Qoo (73

The explicit forms of the quantities in E¢73) are given by
the following expressions:

0

g
m~|f1|2+|f2|2+|f3|2+|f4|2,

do®
A0 =Tl =22,

0

do
AT |22 B, (74)
da® do?®
A(m’m)m_A(K’K)E%|f3|2_|f4|2'

Therefore we can reconstruct &fl(s,0)|? without measur-

has this property. The analyzing powers3H+3He—d?H

+4He and 3H+3He—d?H+*He due to the polarization of
the one colliding nucle{with vector polarization orthogonal
to the reaction planeare also defined by the moduli of the
scalar amplitudes. The normal to the reaction plane, which is
produced by the three-momenta of the initial and final par-
ticles, can be chosen as the axis of quantization for the spins
of the interacting particles. This choice of quantization axis
allows, in some sense, to compensate the nonequivalence of
the initial and final particles. The same procedure is applied
in the method of helicity amplitudes.

It is evident that the method of scalar amplitudes, which

employs the two-component spinors and Pauli matrixes
simplifies essentially the analysis of the polarization effects.
The reaction *He+3*H—d?H+%He proceeds via the
strong interaction and then the properties of the internal sym-
metry, which is represented by the isospin invariance, are
correlated to the polarization characteristics of the process.
Indeed, the isospin invariance produces a definite behavior of
the scalar amplitudes relative to a ées—cos) change,
which develops in the relations between polarization observ-
ables. Similar relations are valid because nuclei and
3He in the initial state belong to the same isospin multiplet
but differing by only isospin projections. Specifically, the
isospin invariance simplifies the spin structure of the total

ing the polarization of the produced deuterons. This reconamplitude of 3H+3He— d?H+“He at#=90°, leaving(un-

struction is unique.
The next step is the determination of the Ré[) and
Im(fifj*) combination of independent amplitudes.

VII. CONCLUSION

We analyzed all possible polarization effects in tfte

der such kinematical conditiongnly four (from six) inde-
pendent amplitudes.

All the above-mentioned consequences of isospin invari-
ance are not exactly correct. Electromagnetic effects and the
mass difference ofi andd quarks invoke violations of the
above-mentioned symmetry. Therefore, this violation can
produce real physical effects in the different polarization ob-
servables.

+3He— d?H+ “*He reaction. We use a standard phenomeno- In this connection, it is necessary to stress that the more
logical description of the spin structure of the amplitude,recent view of the theory of the strong interaction, which is
which is based on general symmetry properties of the fundabased on QCD, changed essentially transposes the problem

mental interaction only. Taking into account tReinvari-

of isospin invariance violatiof43]. Indeed, the previous so
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called electromagnetic conceptipp9,44—4§ of this viola-  polarization observables must be the unique signal of isospin
tion now seems less interesting. Moreover, such a model imvariance violation.
incomplete because, for example, the electromagnetic contri- In any case, such a signal must be interesting because it
butions to the splitting of the masses of hadrons belonging tdemonstrates the connection between the polarization ef-
the same isospin multiplet incorrectly predicted the sign offects, from one side, and the isospin invariance violation
these mass differences. The main effects here are due to tefects, from another side. Of course, the quantitative inter-
mass difference ofi andd quarks. pretation of these effects will involve a very complicated
Of course, the effects of the andd quark mass differ- dynamical analysis using all about the achievements of mod-
ence are manifested in different physical quantities. The simern QCD, not only of the problem of isospin invariance vio-
plest are the mass splittings of baryons and mesons belontgtion, but the problems of the nuclear structure and nuclear

ing to single isospin multiplets. But these simple dynamics.

characteristics demand for interpretation nonsimple theoreti-
cal models(especially in the case of barygn§he same is
correct for the analysis of the effects of isospin invariance
violation in different hadronidand nuclel processes. Such
analysis touches the most delicate problems of QCD.

APPENDIX

Following [36-38,49, the amplitudes for the process

. . . . . . . 3 3 2 4 .
The problem of isospin invariance violation is trans- “He**H—d"H+"He are denoted byD(c,a;b) where
formed now in the interesting problem of fundamental par-2="H, b="He, c=d. The spin projection indices ofHe

ticle physics, which unifies almost all low energy QCD phe-an

d 3H nuclei will be denoted by+ or —, and that of the

nomenology. Therefore the search for isospin invariancéleuteron by=, 0, and—. Then in a transversity formalism
violations in different polarizations effects for different pro- the following relations between amplitud&(c,a;b), and
cesses, such a¥H+°He—d?H+“He, forms an additional amplitudesf; are valid:

source of information.

In order to activate interest in this problem, it is necessary
to have the most adequate formalism for describing the po-
larization effects. In our opinion, the technique of transverse
amplitudes is the most suitable formalism. From a kinemati-
cal point of view, the most preferable must Be-90°, i.e.,
“transverse” kinematics.

Therefore, at first step, we parametrized the spin structure
of the amplitude of the procesdH+3He—d?H+“He in
terms of six independent scalar amplitudes and established
the symmetry properties of these amplitudes relative to the
change cogé— —cosd which follows, from the isospin invari-
ance.

Using these amplitudes, we systematically calculated all
polarization effects inH+ *He— d?H-+“He: one-, two-, and
three-spin correlations. We characterized the polarization
properties of nuclePH and *He in terms of the vector po-
larization, the deuteron polarization properties in terms of the
vector and tensor polarizations. For all these polarization ob-
servables, we obtained the general expressions in terms of
the scalar amplitudes and found all the relations between
these observables which follow from the isospin invariance.

In such analysis, we do not use any concrete model for
calculation of the reaction amplitudes. We assumed that the
fact of the violation of these general relations between the

D(+,+;+)=2(if3+f,),
D(+,—;=)=V2(ifs+fe),
D(+,+;—)=0,
D(—,—;+)=0,
D(0,+;+)=0,
D(0,—;—-)=0,
D(0,+;—)=—2f,,
D(0,—;+)=2f,,

D(—,+;+)=V2(—if3+f,),

D(—,—;—)=V2(—ifs+fg),
D(—,+;-)=0,
D(+,—;+)=0.
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