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THE MEASUREMENTS OF SPIN CORRELATION
IN THE REACTION dp — pd (PROPOSAL)

I.M.Sitnik, L.S.Azhgirey, V.M.Grebenyuk,
A.D.Kirillov, V.P.Ladygin, A.A.Lukhanin, N.M.Piskunov,
M.P.Rekalol, V.Punjabiz, C.F.Perdrisat’

Recent measurements of the polarization observables in the reaction dp — pd at Dubna and
Saclay are reviewed. It is shown that new polarization observables need to be measured.
Effects due to the polarization of the interacting particles are considered. It is shown that a
previously unobserved polarization characteristic, namely the spin correlation due to the trans-
verse polarization of beam and target particles is sensitive to possible P-wave components in
the deuteron. We propose to carry out the measurements of this spin-correlation observable in
Dubna. It will be an important step in the completion of a program to obtain all independent
polarization observables in backward elastic scattering.

The investigation has been performed at the Laboratory of High Energies, JINR.

Hamepenus cnmHoBoi kKoppensuun B dp — pd peakumn (nmpoexr)

HM.Cumnux u op.

Han 0630p HegaBHUX M3IMEPEHMI NONAPH3ALMOHHBIX XaPAKTEPHCTHK peakuud dp — pd B
HyGue u Caxe. ITokasaHa HeoGXOXUMOCTb H3MEDEHHS HOBBIX NOMAPH3ALMOHRHBIX XapaKTepuc-
THK 3TOH peaklmu. B 1o CBA3M paccMOTpenb! ahheKThl, CBI3aHHbIE C MONApH3aLMel 0beux
HAYQIbHBIX YacTull. TI0Ka3aHO, YTO He H3MEpHBINAACA paHee NONAPU3AUMCHHAT XapaKTEpHC-
THK3, & UMEHHO CMIMHOBAA KODPESALHUS [IPH NONEPEYHON BEKTOPHOM MOMSPHIALMU OGeHX Ha-
HATBHBIX YaCTHL[, YYBCTBHTCJBHA K BO3MOXHOMY CYLIECTBOBAHMIO P-BOJHOBbIX KOMMOHEHT B
ReHTPOHE. PacCMOTPEHa BOSMOXHOCTE POBENCHUS TAKHX H3MepeHHil B ly6ue. D1o Gyzer Bax-
HBIH LAl B BLHINOTHEHHH IPOrPaMMB! NOTHOTO SKCHEPHMEHTA [UIS PEaKUMH YIPYToro dp-pacce-
SHHS Ha3ad.

PaBota Buinonuena 8 JlaGoparopuu BolcokHX aHepriit OMSIH.

1. Introduction

The dp backward elastic scattering (BES) is one of the classic reactions to obtain
infromation about the deuteron structure. The matter is in the framework of the Impulse
Approximation (IA), there is one-to-one connection between the only kinematical parameter
of this reaction, s, and the argument of the deuteron wave function (DWF) in the momen-
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a) : b)

Fig.1. The IA diagrams for the p (d, p) d reaction: a) exchange by the neutron;
b) exchange by the antineutron
tum space, when the deuteron is implied as two-nucleon system. That is a serious advantage
of this reaction (and of the deuteron electrodisintegration also) in comparison with ed
elastic scattering, where obscrvables are connected with argument of the DWF through
integral.
The differential cross section and the tensor analysing power T,, were measured in the

GeV range at SATURNE II a long time ago (see Ref.[1] and Refs. therein, and [2], respec-
tively).

Usually this reaction is considered as the one-neutron-exchange (ONE) process
(Fig.1a), which is a particular case of the IA.

Of course, one does not expect that such a simple approach is valid at large internal
momenta, when the 6-q rather than the two-nucleon picture of the deuteron structure is
relevant. Therefore investigation of this reaction up to the maximal energy available is of
central importance to the study of the deuteron structure at small distances.

2. Status of Investigations of BES

The momentum densities extracted from electro-disintegration data [3] and from the dp
backward scattering [1] using an approach [4] (Fig.2) demonstrate a good agreement with
one another, in spite of a substantial discrepancy with the IA predictions using standard
DWF. This agreement between electron and proton data constitutes a solid foundation,
indicating that BES pd is a reliable source of information about the deuteron structure.
Therefore the study of polarization observables of this reaction seems to be very attractive
because of much more counting rate in comparison with the 1nvcst1gat10n of the same
problem using electron probe.

The polarization observables of BES T, and the deuteron to proton polarization trans-
fer coefficient K, have simple expressions in the IA approach when written in terms of the
DWF components u(k) (S-wave) and w(k) (D-wave) [5,6,8]; for TZO the relation is:

T 1 \fguw—wz_ =1

= — 0 =-\2 , 1)
077 u® + w? P42
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where x =1 + b(k)/ a(k), a(k) = u(k) + w(k)y/ V2 and b(k) = — 3w(ky V2, k is internal mo-
mentum of nucleons in the deuteron.

For the polarization transfer coefficient it is:
< _u2—w2—uw/\f2__ 3x
0 u? + w? P +2
It was shown in [7] that one can eliminate ¥ and w and obtain a connection between L9 and
T,, which does not depend upon the particular DWF:
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Fig.2. The momentum distributions of nucleons
extracted from the dp backward scattering [1]
and electrodisintegration data [3] )

Fig.3. a) T, data [9,10] versus Infinite Momentum
Frame variable k; b) x;, data [10] versus &
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1 ¥ 9
Kg+(rzo+ﬂz-]=§. 3)

The Virginia-Dubna-Saclay collaboration was conceived in 1991 to measure the polari-
zation observables T,, and X in the dp — pd reaction and the data were obtained in Saclay

in 1992—93 [10]. The measurement of the tensor analysing power T,, was continued to
larger energies in Dubna [9]. The combined T,, data are shown in Fig.3a, and the Saclay
data for x;, are presented in Fig.3b.

The principal contradiction of the data [10] with the circle (3) in a (Tzo - KO) cor-

relation plot (Fig.4) demonstrates that at least one of two main assumptions (namely that
the ONE diagram dominates, and the DWF contains S- and D-wave only) is not correct
[10]. In Ref. [7] it is shown that similar correlation and deviation from the IA circle (3)
takes place for the p (d, p) X reaction. To say more let us try to consider the dp backward
elastic scattering in a model independent approach.

3. General Analysis of BES

In general, dp elastic scattering can be described by 12 complex amplitudes. That
means one needs to measure at least 23 polarization observables [12] to reconstruct all
amplitudes. Due to P-invariance of strong interaction and total helicity conservation BES
(as well as 0° scattering) can be described by only four independent complex amplitudes

for the following transition A , A — A, A,
ap & p

For 5 or = 808,
Froo =809 +8,05),
Fly =809~ 8,9,
Foo == V2g4(9),
where Fld’ A AL are helicity and g, — g, are the so-called scalar amplitudes, which

are complex in the general case. Therefore only 7 polarization observables must be mea-
sured to reconstruct all of them.

The general spin structure of this reaction can be written in the following form [5]
M=x§ Fx, F=A+ioB,
A =g,(s) [UU, - aU)) (U] + g,(s) (aU,) (mU),
B =gys) (U x U, - n@U xU)+g,s) n U, xU,), )
where UI (Uz) is the initial (final) deuteron spin vector, X; &) is the two-component

spinor of the initial (final) proton, & are the Pauli matrices, s is the Mandelstam’s variable

(squared total energy). The parametrization (4) is valid for any mechanism of the discussed
reaction.
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For any form of the Impulse Approximation (ONE + exchange of any number of nuc-
leon resonances with arbitrary spin and space parity) the scalar amplitudes remain real
functions of s. On the other hand, such additional mechanisms to the IA, as those described
in Ref.[13] lead unavoidably to complex amplitudes for this reaction.

Any polarization observable can be calculated in terms of these scalar amplitudes. In
particular, the observables mentioned above can be expressed via the following combina-
tions of them:

2 2 2 2
—lg 0" +1g, 1" +1g,1° —lg !
Ty=-V2 ——2 34 &)
D
3Re [83' (gl + 82 + g4)*]
Ko = D2 ’

2 2 2 2 2
D*=2 lg 1"+ 1g,1" + 4 Ig,1" + 2 1g,I”. 6)
In the IA approach, when the deuteron is considered to contain two nucleons in S- and
D-states, only two real independent amplitudes are sufficient to describe the dp — pd
process. In this case we have [5]

2
84 =8y 83~ 818y
g =,  g=da @
D=2 +8)=a" (**+2),

where a and x are defined in (1).

But as is shown in the previous section, this approach breaks down at smaller s than
one expects a 6-q description of the deuteron to come into the picture.

A number of more complicated deuteron models and more complicated reaction mecha-
nisms could pretend to explain the revealed effects. In terms of general approach, the next
natural step must be an attempt to describe this process by four but sitll real amplitudes.
This approach can be justified in generalized version of the IA with the deuteron as super-
position with additional P-states (Fig.1b). Such components are inevitable when a relati-
vistic description of the deuteron [14] is used: they also emerge in models based on quark

counting [15], when the 6-q states are projected on two-nucleon systems such as NN *. In
this case the process is described by the same diagram as in Fig.1a, with neutron replaced
by an N ',

If the assumption about reality of amplitudes is valid, only 3 independent polarization
observables must be measured to reconstruct all of them.

4. What to Méasure i

New polarization observables can be obtained using a polarized proton target. The
simplest polarization observable in this case is the asymmetry of the cross section due to
mutual spin orientation of initial protons and deuterons. Here we mention the expressions
for transversal spin correlation effect in general case
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. 2Re (g, (8, +8, -8y

( D2 ®)
and (using simplification (7)) in the ONE approach:
24t - 2wt + 3w uw (S - 2wty N2 28
A=9 2. 22 =2 2 ®)
9 W +w) " +2)

The case with additional P-waves is considered in detail in Ref. [5]. As is seen from Fig.5,
the new observable is very sensitive to the contribution of possible P-states in the deuteron.
The combined analysis of new observable, A, , together with those measured earlier,

will allow one to reconstruct all amplitudes of the dp — pd process if they are purely real.

We mention for reference that another polarization observable, poTarization transfer
from the deuteron to the deuteron, is proposed to be measured by a Virginia-Japan-Saclay-
Dubna collaboration at KEK (spokesman is C.F.Perdrisat). The general expression for this
observable is

2
K”"O _ 2Re (glg2 + lg3l ) ‘ (10)

y.0 D?
One can see that it is a new independent polarization observable. In the ONE approach we
have
Ky,'0=g W’ - w—uw/ 2 _ 42 an
» 3 ) u? + w? (x2+2)2 .
0.5 r+—r—+Tr—TTTr—Tr——————— Comparing latter expression with (2) it is

easy to see that in the ONE approach there

is simple relation between expressions for

polarization transfer coefficients to the pro-
ton and to the deuteron:

o4

K;: 0’0 = 5 Kg .

As is mentioned above, only additional

to A mechanisms of the reaction generate

non-zero imaginary parts in the amplitudes

describing this process. All of the polariza-

tion observables mentioned above contain

combinations of the amplitudes such as

CN,N.O.O

(12)
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k, GeV/c imaginary parts remain small, then they

play a role in second order only. In this case

Fig.5. Spin correlation parameter Cy Noo Calcu-

lated for standard DWF [11] (solid line) and for
DWF with additional P-wave components [14]
(dashed line)

any essential deviation from predictions can
be interpreted as a non-adequateness of the
deuteron model rather than of the reaction
mechanism.
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To be more sensitive to imaginary parts of the amplitudes it is necessary to measure
polarization observables containing the Im (gi~g;:) contributions. Needed combinations

appear for only T-odd combinations of the particle polarization vectors and the unit vector
along the beam direction (all observables, mentioned above, are T-even).

Here we followed to denotations accepted in Ref. [5]. More aéccpted denotation for

observable suggested to be measured is CN,N,O,O =A,
5. How to Measure
We are planning to measure spin correlation parameter Cy N.0O using the Synchro-

phasotron (Nuclotron) polarized deuteron beam and the Moveable Polarized Target which
now is installed at Dubna.

There are two possible ways to select events for BES. Having 180° scattering in the
CM system, in Lab system both the final deuteron and the proton go in the forward direc-
tion. So, we can select either fast protons or slow deuterons. Our group have an experience
in measuring T,, in BES selecting protons. Even having momentum resolution as good ‘as

Ap/ p =~ 0.2% we had the very hard situation to separate elastic events from the
d+p->p+(@n+p

reaction with a small excitation of the (n + p) system comparing with the deuteron mass
(Fig.6).
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Fig.6. The momentum distributions of protons in Fig.7. Contributions of quasi-elastic process on
Lab system nucleon of the target at the primary beam momen-
tum of 1.5 and 6.0 GeV/c
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In case of the MPT the situation will be worse, because the target material contains
only ~ 15% of hydrogen: the backward quasi-elastic scattering on the other nuclei in the
target will increase the background under the elastic peak considerably.

Selecting of slow deuterons (which we are choosing). gives us the following
advantages:

» no problem to distinguish the deuteron from (n + p) system;

* momentum resolution ~ 1% is sufficient to have a good suppression of quasi-elastic

events (see Fig.7);

* no problem to distinguish BES from d + p —> p + d + & reaction: in latter case the
deuteron momentum will be larger (depending on the primary beam energy) as much
as 5%—15% (because of opposite directions of the secondary deuteron momentum
in the CM and Lab systems, it increases in the Lab while decreasing in the CM).

Unfortunately, we will have disadvantages also. The unfavourable Jacobian (depending
on energy 10—30 times worse than in case of selecting of protons) necessitates a large
acceptance spectrometer not very far from the target. As a consequence, the space separa-
tion between the secondary zero angle deuterons and the primary beam using dipoles is
more difficult.

The suggested scheme of the experiment is shown in Fig.8. The last chambers have

1.4 x 1 m? and are situated at the distance of 10 m from the target. The solid angle is

1072 rad. That is 25 times larger than the solid angle for protons during our measurements
of T20 [9] and it almost compensates for the unfavourable Jacobian. So, we can evaluate

beam time necessary for this experiment from our experience with measurements of T,, at
Dubna.
The first stage of separation of the primary and secondary beams will take place in the

holding magnet of the MPT. The SP-57 dipole will be used for second stage of separation
and the SP-40 dipole will be used both as separating and analysing magnet.

[

Fig.8. Layout of the spectrometer. PPT — polarized proton target; SP-57, SP-40 —
dipoles; boxes — blocks of proportional chambers; dashed lines — TOF hodoscopes
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The distance of about 3 m between proportional chambers downstream and one cham-

ber 0.3 x 0.3 m? upstream the SP-40 dipole will allow reconstruction of the deuteron mo-
mentum with an accuracy of 1% (we assume ~ 100 mrad bending angle and the accuracy
of track detection with proportional chambers of 0.5 mm).

We intend to investigate BES in the region of primary beam of 2.0—6.5 GeV/c. This

corresponds to internal momenta of 0.33—0.85 GeV/c will be covered. The secondary
“deuterons will have momenta of 0.55—1.1 GeV/c. One can see that the ratio between
momenta of primary and secondary beams changes from ~ 3 at lowest energy up to =~ 6 at
highest one. The main task will be to adjust the currents in the dipoles in such a way as to
bring the primary beam into a rather narrow gap between the pole and the yoke of the
SP-40 dipole. The trajectory of the secondary deuteron beam will change depending on the
energy of the primary beam. So, the system of proportional chambers must be moveable in
a direction transversal to the beam.

The deuterons of interest will be accompanied by huge background, mostly pions and
protons of the same momenta; therefore we need to have a high resolution time of flight
(TOF) system. Besides, we expect high flux (especially through the first chamber) of for-
ward elastically scattered deuterons and of protons of half of the primary beam momentum.
There will be no problem to distinguish such events from the desired ones, but too high
flux of other particles will require the following measures:

« instead of simple TOF counters overlapping proportional chambers we need to install
two hodoscopes. In this case we will have rough position of tracks due to the hodo-
scopes which will prompt us to choose relevant tracks in proportional chambers
where we expect as a rule many tracks situation;

* unambiguous identification of the good track in the first and last blocks of propor-
tional chambers (thanks to hodoscopes) and condition of straight line in the y-plane
will help us find the relevant tracks in the first chamber block downstream of the
magnet.

6. Conclusion

The analysis of polarization observables such as T,, and polarization transfer coef-

ficient both in the p (d, p) d and A (d, p) X (zero angle) reactions obtained at Saclay and
Dubna shows deviation from the IA based on a DWF with S—-D-components only. New
independent polarization characteristics must be measured to check whether we are dealing
with more complex reaction mechanisms or with more than two-component DWF.

We suggest here to measure new polarization observable for the backward elastic dp
scattering, namely, the spin correlation parameter, when both initial deuteron and proton
have the transversal (parallel or antiparallel) polarization. Such an observable of this reac-
tion has never been measured. Firstly this observable was considered in Ref. [5] where it is
shown that this observable is most sensitive to any deviations of the deuteron structure from
the commonly accepted picture, in particular, respectively possible existing of P-wave.
Such measurements are an important step in the realization of the complete experiment for
this reaction.

The internal momentum region of 0.33—0.85 GeV/c will be covered, when changing
the primary beam momentum from 2.0 up to 6.5 GeV/c. We intend to measure 10 points
inside pointed out region with the error bars about + 0.03. The beam times request is about
15 days (for data taking only).
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A total of about 300,0008 is needed to assemble a spectrometer for this experiment; this
spectrometer can also be used for other experiments using polarized target in the future [16,17].
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