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IMosnapH3aMOHHbIE ABJIEHUS B AEHTPOH-TIPOTOHHOM YIIPYTOM
paccesHuM Hazag, d + p—»>p + d

B TepMHHAX YETHIPEX HE3aBUCHMBIX AMIUTMTYH, ONMPEACISIOMUX B 0OmeM
CIyyae CTPYKTYpYy aMIUIMTYAH YIPYroro dp-paccessHMsl Ha3aa, pacCMOTpPEHH
noNApu3anuoHHEe 3dEKTH, BOZHUKAOWME B C/Iyyae, Koraa obe CTajKuBa-
JOIMMECS YACTHIH NOMIPU30BaHE. B paMKax MMy IbCHOro IpuOTHXeHNs Hail~
CHLl BHIPDAXCHUSA A9 AMIUMMTYA B TEPMHUHAX S- ¥ D-KOMIIOHEHT BOJHOBOM
| tdyuxuun geirpona. ITosyueHs BHpaxeHus A1 00CyXIaeMbIX aCHMMETPHH,

YUATHBAOIIME BO3MOXHOE Hasuune P-BONHH B AeiTpoHe. Paccunrano sHep-
‘ FETHUYECKOE TIOBEACHME AHATU3UPYIOLIEH CIOCOOHOCTH A,, CBA3aHHOH C mone-

- PEYHOH TOJISIPU3AaLMEN CTAJKUBAIOMMXCS YACTHL AA8 HECKOJbKUX IOMmyJsap-
HBIX BOMHOBHX (DyHKIMIA AEATPOHA.
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Polarization Phenomena in Deuteron-Proton Backward Elastic
Scattering,d + p>p + d

Effects due to the polarization of both colliding particles have been analyzed
in terms of four independent amplitudes which in the general case define the
spin structure of the dp backward elastic scattering amplitude. The expressions
for amplitudes in terms of the S- and D-components of the deuteron wave
function have been found in the Impulse Approximation approach. The
contribution of a possible P-wave component of the deuteron wave function to
these effects is also considered. The energy dependence of analyzing power 4,

due to the transverse polarization of the colliding particles is predicted using
standard deuteron wave functions.

The investigation has been performed at the Laboratory of High Energies,
JINR.
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1. Intr‘oduction

The knowledge of the short range behavior of the deuteron wave function

(DW ) is of central importance for solving a number of problems, for example:

e to understand the role of such non-nucleonic degrees of freedorn as quark
.and isobar configurations and to clarify the regime of transition to these
configurations when the distance between nucleons is cornparable to their’
size; o

o to check different approaches of description of relativistic bound states;

¢ to calculate static electroﬁlagnetic characteristics such as magnetic dipole
and electric quadrupole momenta, and the k2 - dependence of elecfrornag-

_ netic and weak deuteron formfactors;

e to obtain additional information on the off-mass shell behavior of the nucleon-
nucleon amphtudes :

e to clear up the features of below threshold production of heavy particles on
deuteron target; '

® to determine more accurately mechanisms of different processes involving

‘-th‘e deuteron in thq initial arild’ﬁn‘al states;

» to predict the momentum distributions of secondary particles from the frag-
mentation of relativistic nuclei;

e to check the symmetry properties of fundamental interactions.

A direct reconstruction of the DWF from the measured quantities in the
framework of the Impulse Approximation (IA) is possible in two types of reac-
tions. First of all, it is the study of the reaction of deuteron electrodisintegration
ed = e + np. An inclusive study of this reaction near threshold d(e,e')np (1],
where the‘momentum transfer squared k? defines directly the DWF argument, |
and an excluswe study of the d(e,e'p)n in the region of large productlon angles
of the proton relative to the momentum of the virtual photon are most suitable
for this purpose. The process of photodisintegration of the deuteron also allows
one to obtain information about the DWF. Attractiveness of ed- interactions
for the study of DW F is connected first of all with weakness of electromagnetic
interactions, which allows one to use all advantages of the yone-photon mechanism.

Existing experience in the analysis of the mechanism of the y*+d — n-+p pi‘ocess
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(7" is a virtual photon) indicates a lot of problems for deuteron electiodisinte-
gration. The correct mechanism of such a process must contain obligatorily the
following ingredients:

¢ one-nucleon exchanges in the IA:;

e meson exchange currents; (

e isobar and quark configurations in the ground state of the deuteron;
e strong nucleon interaction in the final state; »

¢ NA-rescattering in the NA — NN process.

To avoid all constraints on possible values of momentum transfer squared
(k%) and the excitation energy of the np- system all of these contributions should be
calculated in the relativistic approach. But, of course, conserved electromagnetic
current should be ”organized” for the y*+d — n +p process. Only if an‘adequate
model of amplitude of the e+d — e4np process e)tists7 one can.obtain information
about-the DW F from corresponding experimental data. Even at the first-step of

similar calculations, namely at the level of the 1A, the following questions arise:

e thé number of independent components of the DW I (two in nonrelativistic
theory including S- and D-waves or four in relativistic theory includin.g S-,
- P- and D-waves (2], or six in the so-called spurion models [3]); N
e what is the argument of the DWF and furthermore the number of them
(one as in standard models or two as in spurion approaches); '
_® off-mass effects for nucleon electromagnetic current ¥*N*N with virtual nu-

cleon N*.

Due to difficulties of interpretation of ed- scattering data, the second class
of experiments for studying the DWF in the IA is of great interest. Among these
are reactions of deuteron fragmentation A(d, p}X and elastic backward deuteron-
proton scattering d + p — p + d. The momentum distributions of fragments
extracted from the data of the above experiments with electromagnetic‘and‘ nu-
clear ‘probes demonstrate, on the one hand, a substantial discrepancy with the
predictions using standard DW F in the IA and, on the other hand, a good agree-’
ment with one-another [4, 5, 6, 7], which gives serious motivations to search for
the explanation of the observed effects not only in devratron from the 1A but also
in nonadequate standard DWF. ' :

* To determine the behavior of different components of the DW'F, one needs

‘to study polarization observables of the above reactions. At the present t1me such

" data exist or are in progress only for nuclear probe reactions.

Apart from cross sections, such-obsérvables as tlie tersor analyzmg power

T30 [8] and the polarization transfer coefficient from the deuteron'to the proton

& [9] have been investigated for the reaction A(d,p)X Such a set of data allows

one to arrive at the conclusion that no conﬁgurat1on consisting only’ of S- and
D-waves can be compatible with the data within the framework of the TA [10]

Concerning dp backward elastic scatterlng, the measurément of Tg[) was oné

of the first experiments at the SATURNE-2 accelerator [11]. The measurements

of x (and also the remeasurements of ng) at Saclay {12] and of T3 at Dubna[13]

have beeri‘lately made. ‘The new “data’ drast1cally disagree with the predictions
‘basgd_,o_n the JA calculations using standard DWF. The available set of data is

insufficient to separate the deuteron structure from the reaction mechanism, To

solve th1s problem successfully, measurements of new polar1zat1on observables are

needed

RESRIIN

New polarrzatlon observables can be obtalned usrng a polarlzed proton

k target In case of the polarlzed 1n1t1al proton the v1rtual nucleon is polar1zed

ie. the spin character1st1cs of two vertlces of the IA dlagram (F1g.1) should
be correlated In this case both secondary deuterons and protons are polarized,
even if the primary bearn is unpolar1zed We however, will restrict ourselves by
consideration of effects measured after first 1nteractron when the deuteron beam
has a vector polarization. The matter is the double scattering experiments with a
polarized target are hardly realistic nowadays because of serious restriction of an
intensity of the primary beam, needed in this case. The considered asymmetries ,
allow one to study the mechanism of spin information transfer between two vertices’
of the I A diagram. More exactly, the analyzing powers of the J—l—ﬁ — p+d reaction

are sensitive to the mutual spin orientation of the primary deuteron and proton.

Such polarization observables as K and7I' b do not possess a’ s1mllar sensitivity.

Just therefore the quantities and Ty for different reactlons d —|- p > ptd
and A(d,p)X, are characterized by equlvalent formulas in terms of the S- and
D- components of the DWF. The latter pola.rlza.tlon observablé for dp backward
elastic scattering has no analog in the reaction of deuteron fragjntation' o
In the second chapter we obta1n general formulas for polarlzat1on observ-

ables, which are valid for any reaction mechanism.



‘ In the third. chapter we consider the case when the DWF include S- and
D- -waves in the TA. The behavior of asymmetries in this approach is predlcted
for dlfferent DWF. )

In the fourth chapter we con31der the effects of the P-wave components of
the DWF for the simplest polarlzatlon observables of the d + p — p + d process
also in the IA. .

‘ The measurements of these asymrnetrles are poss1ble at Dubna, Saturne
1 and KEK now. , ‘ . . v }
’ This work based on the report, presented at "Deuteron-93” symposmrn
held in Dubna[14]

R

2 Amphtude of the d+p — p+d (0 = 1800) process and general anal-

ysxs of the polanzatxon effects

As known ‘the spin ‘struc:ture 'of the arnplitude of the d +;§ —d+ p process
is very complicated in the general casé; there are 12 independent complex helicity
‘ arnphtudes depending on total energy +/s and scatterlng angle 0 in the CMS of

the process. This structure can be reconstructed in a complete experlment which

contalns measurements of at least 23 dlfferent polarlzatlon observables The sit-

uat10n is much mmpler in case of backward scatterlng when the total hehclty of

dent arnphtudes for the followmg tran31t10n /\d, Ap — /\ & Aps

R

P

. (++—»++)

‘ = (—+——4), o
(+—>0), S (1)
(0+—»0+), ‘ B -

where /\d( ) corresponds to the deuteron (proton) spin pro_|ectlon on the 3-
momentum of the 1n1t1al deuteron (+1, —1 0 for deuteron, 43 for proton). Other
possible arnphtudes (w1th other AdyAp cornblnatlons) are connected with-ampli-
tudes (l) by COI]d]thIlS of strong interaction P-invariance and 1dent1ty of the 1n1t1al
and final states ,
Due to the total phase uncertalnty, restoratlon of four amplltudes (com—

plex in-the general case) is p0551ble after performmg 7 1ndependent polarlzatlon
i R
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experunents (apart from measurcments of energy dependence of dlfferentlal Cross

sections with unpolanzed partlcles) As noted above, two experlments namely °

the measurements of Ty and «, have been carried out. I‘aklng into account P-
invariance of strong interaction, one can obtain the following formulas for the

amplitude of the d 4+ p — p+ d,0 = = process:

/\/i—)(zf'\f ot

where (]1(U2) is the 3-vector of polarlzatlon of the initial (final) deuteron n Jls
the unit vector along the 3- momentum of the initial deuteron x1{xz) is the two—
component spinor of the initial (final) proton, & are the Pauli matrices and g, (s)-
g4( ) are the amplitudes of the d + pop+t d reaction depending at § = « only
on one variable, namely the total encrgy squared s.

The amplitudes g; — g4 (called scalar) are related to hehcnty amplitudes as

follows: ((?\ﬂll‘»(};f» 1 (1)

Fo+—»o+

Foyos

| Q——

Fd+-k+-

92(S)r
91(8)+ ga(s),

a@-ah @)

_'\/5‘(?3('5),

i.c. only one amplitude, namely gs(s) , is responsible for proton spin flip.

Of course, all polarization cflects can be described in terms of the scalar or

lLelicity amnplitudes.

Let us write formulas for the simplest polarization observables in this pro-

cess. We use the following formulas for the densily matrices of the initial proton

and deuteron:

where P is the 3-vector of proton polarization;

Pd = ljlil/;j =

bl a
pp:;(l +VO'P)‘, ’ ’ (4)

i tiaS+Qu) (5)

L

2
~F
-t



where vector § and tensor Qij characterlze vector and tensor deuteron:polariza-

thIl, Ql] - QJn Qu =0.

.Then the followmg formulas are valid for the differential cross section and

for the polarization Py of secondary protons

d ——
MZ 5M&mu+apﬁ‘
! +3
BY = 2NSpFF P} (6)
_ 1
" 64n2s’

where the line indicates summation over final deuteron polarization .

In case of unpolarized target, P= 0, the differential cross section d"d(gu)r
depends only on the tensor polarlzatlonw?fijlmtlal deu?erons
(T0)  Jg(00) ¥ PRI
do o '
o - W(l + T20t20)1
do (00
t——=3U+T
N 0 +T,
. T o1 ‘ ' :
Too = V2 ——=,100 = —=Q., (7
20 \/_ 3U+T7 29 \/iQ ( )

= lou(s)I* + lga(s))” + lga(s) P,
T = —lg:i(s)I* + Ig2(s)|* + lga(s)I* — lga(s) P,

™) is the differential cross section when. both the initial proton and

where S

deuteron are unpolarized, and T3 is the analyzing power due to tensor polar-
ization of the initial deuteron. ’

As is seen from (7), only modules of the amplitudes g;(s) determine the

values of d‘:;;m and Ty
Let us write expressions for the normal (x;) and longitudinal () polar-

ization transfer coefficient from the vector-polarized deuteron to the secondary

proton:
do(T9) ) } )
e =3 Rela(s) - ln(s) + 92(5) + 040,
. &(T0) '
N'lmddﬂ =3-{| g3(s) |* +2Re [g1(s) - ga(s)*]}- (8)

If the proton target is polarized, then due to P-invariance of strong inter-

action, the differential cross section of the d + P — p + d process should have the

following dependén‘ce on the axial § and P vectors: :
(T0) Y L o - . -
% =~%ﬁ- L+ 245 P - (- S P+ gA,(ﬁ- @Al ()
From (9) one can see that the term A¢(A)) is responsible for the asymmetry effect
when spin orientations of both participants of the reaction are normal(longxtudmal)
to the direction of the initial deuteron 3-momentum.
In terms of scalar a,mph‘tudes’the expressions for A;; have the following

form: -
=_2. Re{gs(s) - [<a1(s)

~2-{l g3(s) I —2Re[gi(s) - ga(s)T} - (10)

and contain the mterference contnbut)ons Re(gi- g%) in contrast to the differential

AN da

do To

— 92(s) + 94(s)["},

AN

cross section and 7aq.

Note that for realization of the complete experiment program it is nec-
essary to obtain data for the polarization observables containing the Im(g; - g;)
contributions. As such terms are nonzero only for complex amplitudes due to their
T-odd nature, similar combinations appear only for triple correlations of vec-to;
polarizations: .5?1 X .5?2 . .5;;3, T'i.S_"l . ﬁ§z X S-";; and so on, where S‘: is the polarization

vector of an i-particle in the reaction d+p — p+d. -

3. Polarization effects in the A

All above mentioned formulas for polarization observablés are valid for any
mechanism of the d+p— p+d procéss. Using them, let us analyze polarization
effects in the framework of the IA (Fig.1a).

The matrix element, which corresponds to this mechanism, takes the fol-

lowing form:

) - U)b(s)] xa
(1)

where a(s) and b(s) are the combmatlon of the S- and D- states in the deuteron

M=t (@ Ta(s) + (3 - - U)b(s)] |3 - Udals) + (&

“a(s) =’\I]., + 75‘1’4,
b(s) = ——

i (12)

]



Comparing the matrix elements (11) with the general structure (2), we

obtain the following expression for g;(s) in terms of the DW F components:

g1(s) = 94(3) =a (s),

g2(s) = a’(s) - (1 + R = a’(s) - <,

gs) =) Lt R)=a’(s)on,  (13)
where R ='b(s)/a(s) and z = R+ 1. All'g;(s) amplitudes are real, i.c. all T-odd
polarization correlations are equal ta zero in this approximation, and, besides,

a()0ls) = g2s). (14)

Of course, this relation sirhpliﬁes the analysis of the polarization effects in

backward proton-deuteron scattering:

U=ada*s)-(3+2- R+ R? =a'(s) (z? +2),
= q4ts) ‘R:(2+R) (342 R+ B =a'(s)- (2~ 1) (s +9),

thcfefore .
_ dO.(OO) . ' .
et T ) @ 2 o e,
2 -1
T20=—-\/§' $2+2 (15)

@ The e)&)ression for T3¢ in another but equivalent form has been obtained earlier[16]. '

The expressions for the polarization transfer coefficients ( when the deuteron

tensor polarization is equal to zero) have the following forms:’

. 3.z
Kt = (:172 +2)47
K= -———-—(12 +2) (16) .

Substitution of (13);(14) into (10) gives:

| (a* - 2)
A= -2 ——=
! 2; (z? +2)2’
T B ‘

when the deuteron tensor polarization is equal to zero.
A natural combination 2 4+ 2 (squared in this case) remains in the de-

nominators of both asymmetries A;, A,, but the numerators of Ay, A, contain such

combinations of the ¥, and Td functions which are absent ir}_fl"_go and x. It’ is
worth to underline that asymmetry A, is an even function of variable z and so
one can obtain the only solution for z (and hence for R) at any value of the DWF 7
argument. A direct analog of Ay, A, is absent in the deuteron break-up reaction:

~The behavior of A; asymmetry for different popula:r DW F'is presented in
Fig.2 versus k, the intrinsic nucleon momentum in the light cone approach. The
conection of k with the measured quantities is given, for example; in ref.[7, 15]. A]
strong sensitivity of A, asymmetry can be seen to choose the DW F. Orne can also
expect not a lesser deviation of data in future experiments from the predictions
than that found in the measurements of Tyf11, 12, 13}. '

. 4. P-wave contribution in the polarization effects

ﬂ(o}__f_

7

Let us first write the spin structure of the A + p —.d vertex whicl corre-

sponds to the P-wave component of the DW F in the relativistic reglmc .
ﬁ'-Up](s)+i&'-U><ﬁp2(s) ' (18)

where p; and p; are two independent P-wave functions. Linearity of (18) relative
to the components of vector 7 corresponds to the P-wave in the system 72 +d
because parity of the fermion-antifermion system is negative. The spin of the

i + d- system is equal to 1 or 3, and so the corresponding wave functions are
connected with p; 5 as follows: . ’ '

- (2p2 ~ p1)
(1 +p2) : o (19)

)

Thus, the contribution of the antinucleon component to the matrix element’

of elastic backward dp-scattering can be written'in the following form:
Mp=x} [ U +i3 O x ] [~ Up)pr — i3 - U3 x i) xa (20)

Then the following expressions are valid for the g;(s) amplitudes which

A

correspond to the two mechanisms of Fig. I:
B (—__———'ﬁ

g1(s) = ()1 + 1),



Y al) =)@ ),
A =dEEnn
W =@

where r; = ’%(%l and rg:_%f)l. _ _ ; _
Of course, inclusion of- P-wave destroys the above relations between: the

,~g,'(s) amplitudes., It is not difficult to show. that_in_this case cequivalence between

1

! the _expressions for Ty and.«-for_the d + p —-p +-d-and-A(d;p)X._ reactions
. \4 dlsappears ; _ , et
R Using general formulas for the polarmatxon effects in terms of the ¢;(s).am-
’ pl»itudes let us calculate contributions due to P-wave keeping only main (quadratic)
terms assuming that | ryo [ 1. - L i o
Then the formula for differential cross section with" unpolarlled partlcles
should be deformed as follows:
dg? 2 2" 1 S
) ~ a’(s) - [(z +2) +2z ri— 817‘17'2] (22)

Finally, the followmg express10n emerges for the above dlqcussed asymmetrlec,

N

. (z? - 1)(z2 +2) + 272 7'1 — 2rirg
: (z% +2)% + 2z%r? — 8zriry
3. (22 + 2) — ri(re(z® + 2) — z1y)
’ (z?+ 2)% + 22%r? — Bzriry ‘
224 2) — 22rry k k
o3 (2 -:2)2 + )2:1:21'3 — Bzriry o ' (25)
23 —zlmry+ z(r1 +2r1)
(z +2)2 + 22%r — 8z 1y
(z?—2)— 2:07‘17‘2

~ 2. ' 27
A (224 2)% + 22272 — 8zry7ry (27)

'(23)

T2 0 0~

Ki« =2

- (24)

Ay ('26,5

Using (23-27), one can estimate the above polarization effects for any model

i of the DW F' with P-wave components.

5. Conclusions

Thus, we have calculated both possible independent asymmetries in dp
ba.ckward elastic scattering due to the vector polarizations of colliding particles.
Of course, the measurements of the analyzing powers A, A; (in addition

to T and &) do not realize completely the full experiment program even in case

10

d p d ‘ p
' —_ W
n n
p d . p : d
a) o | b)

Ilig.1 The 1A diagrams for the p(d, p)d reaction: a) exchange by the neu-
tron; b) exchange by the antincutron.
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Fig.2 Asymmetry A, versus intrinsic proton momentum in the light cone

approach.
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of collinear kinematics (bzickward scattering), when the process is characterized
by only four amplitudes in the general case. Nevertheless, one can assert that
the measurement of the analyzing power A(s) will be important to determine
more accurately the limits of the 1A validity and to clarify the role of a possible
P-wave compenent in the deuteron structure. We would like to note, that the
measurement of the analyzing power A, is onc of the most realizable polarization
experiments for.the d + p — p + d reaction to date. )
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