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An experiment on the studying of the tensor analyzing power A in the reaction

A(d p)X at large transverse momenta of proton using a polarized deuteron beam of LHE
accelerator complex has been proposed. These measurements could provide the valuable
information on the spin structure of the deuteron at short distances. The estimation of the beam
request for SPHERE set-up is performed.

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

HccaenqoBaHHe TeH30PHONM aHAIM3HPYIOLIEH CIIOCOOHOCTH Ayy
B peakumH A(d , p)X npH GoJbIIHX MOMNEPEYHBIX HMIYJIbCAX NMPOTOHA

C.B.Agpanacves u op.

TpennoxeH 9KCIIEPHMEHT 1O H3Y4EHHIO TEH3OPHOH aHAIM3UpYIOUIEll CNOCOGHOCTH A | B

peaKLHu A(z?, p)X nipy GONBINMX MOTEPEYHBIX UMITY/IbCaX [POTOHA Ha MOASPH3OBAHHOM IydKe
YCKOPHTE/IbHOro KoMIulekca JIBD. Dtu uamepeHns Morn Obl faTh BaxHYK HHGOPMALHMIO O
CIIMHOBOM CTPYKType HEHTpOHA Ha MabiX paccTofHuaX. [IpoBeleHbl OLUEHKH HEeOOXOXMMOro
114 9KCTNIEPUMEHTA BPEMEHH C UCTIONb30BaHHeM ycTaHOoBkH CPEPA.

PaGota eeinonHena B JlaBoparopuu Beicokux 3Hepruit OUSH.

1. Motivation

During the last few decades the deuteron structure has been the subject of extensive
experimental and theoretical work. Considerable amount of data in the inclusive deuteron
breakup with the emission of the proton at zero angle, A(d, p)X, and deuteron-proton elastic
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scattering at 180°, p(d, p)d, reactions were accumulated [1]—[14]) in order to obtain the
reliable information concerning the behaviour of the deuteron wave function (DWF) at
short distances between nucleons.

The measurements of the cross section of the inclusive breakup A(d, p)X reaction with
the proton emitted at zero angle at different A initial energies and for different values of the
target [1]—{4] have shown the deviation from the calculations performed within IA using
standard deuteron wave functions, especially in the vicinity of the intrinsic momenta of the
proton in the deuteron k ~ 0.3 GeV/c, where a relatively broad shoulder is observed. This
structure was explained by Kobushkin and Vizireva by the additional contribution of the

exotic |6Q) configuration in the deuteron wave function [15], and by other authors taking
into account the mechanisms with the virtual pion production [16,17,18].

The other important point is the dependence of the cross section shape on the atomic
value of the target A observed at all energies: at k 2 150 MeV/c the ratio of breakup cross
sections on carbon and hydrogen is about a factor of 3.5 in comparison with a factor of ~5.6

following from the power dependence A 2/3 at half of momentum of the proton (Fig.la).
Measurements of the tensor analyzing power T,, [3,4,5] performed at Saclay and

Dubna have demonstrated the strong deviation from the IA predictions at k > 0.2 GeV/c.
Recent measurements of the tensor analyzing power up to k ~ 1 GeV/c performed by two
Dubna groups on carbon [6] and on proton and carbon [7] also have shown the dependence
on the A value of the target at k > 0.20 GeV/c (see Fig.1b). These new data demonstrate the
trend to achieve the constant asymptotic value predicted by the QCD motivated model [19],
but the «experimental» asymptotic values are different for the carbon and hydrogen target.

The behaviour of the spin transfer coefficient from vector polarized deuteron to proton
K5 [8.9,10] disagrees with the calculations using standard deuteron wave functions at

k20.2 GeV/c. One cannot give the definite conclusion about A dependence of K, because

of large error bars for Dubna data, taken on carbon target.
Breakup data on cross section, T, X, demonstrate in the first approximation the inde-

pendence from the initial energy, what gives the possibility to consider the k as the appro-
ximate scaling variable. On the other hand, the A dependence of the cross section shape and
T,,-value demonstrate that the additional to IA mechanisms (virtual ® production

[16,17,18]) may be important in this kinematics.

The backward elastic scattering dp — pd at medium and high energies is one of the
simplest processes with the large momentum transfer and,therefore, can be used to study
the high-momentum tail of the DWF.

The experimental data on the differential cross section of the dp — pd reaction [12]
show a sharp peak at 6 ~ 180° in the center of mass. On the other hand, the differential
cross section at 8 ~ 180° demonstrates the strong energy dependence and an enhancement
in vicinity of the A-isobar excitation. This resonant-like energy dependence of the cross
section could not be explained by the pole mechanism only. The cross section of the
dp — pd process was calculated in the framework of the two-step model in which the cross

section of the dp backward elastic scattering is expressed in terms of the pp — dn* cross

section {20,21]. Calculations of Kolybasov and Smorodinskaya [22] taking into account
D-state and relativistic corrections are in satisfactory agreement with the cross section data.
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Fig.1. a) The ratio of the cross sections of deuteron inclusive breakup on carbon and
hydrogen [1] at 9 GeV/c and 0° versus intrinsic momentum k; b) the tensor analyzing
power Ty, [5,6,7] in the deuteron inclusive breakup at 0°. The data obtained on hydro-

gen target are given by open triangles [7]

Above the A-isobar excitation region the data on the backward elastic scattering are
described in the framework of ONE mechanism in the light-front dynamics [23].
Measurements of T,, [13,14] and L [13] for dp elastic scattering have shown the

-deviation from the ONE predictions, as well as from the behaviour of T20 and K in
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Fig.2. a) Tensor analyzing power T, in the dp backward elastic scattering versus

energy of NN pair in the center of mass; b) vector analyzing power A)0 of the

pp — dr’ reaction at ~90° of pion in the center of mass, the arrows are the

observed structures at 2.14, 2.4 and 2.7 GeV/c%; c) the predictions of Kochelev for
Ao, in the NP total cross section.

deuteron breakup at large k, which is not explained yet theoretically. Calculation with the
inclusion of the additional components of the deuteron wave function [15,24,25,26,27] as
well as considering of the mechanisms additional to ONE [18,28,29] cannot explain the
observed features of the experimental data in deuteron breakup and dp backward elastic
scattering.
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It seems, the observed structures in the behaviour of T, in dp background elastic

scattering are not related with the deuteron structure. In Fig.2 we present T20 [13,14],
analyzing power Ayo at 90° in the center of mass for pp — dn' process [30], and the

prediction of Kochelev for Ao, [31]1 in np interaction versus energy of NN pair in the
center of mass, VS. One can see the correlation between the structures in the behavior of
Ty, and the structures at VS ~ 2.14, 2.4 and 2.7 GeV/c in pp — dn” process [30] and NN
scattering. These structures are predicted in the quark and instanton models {31,32].

In principle, the using of the polarized target and polarimeter could allow one to
measure a number of additional observables in the deuteron breakup and dp scattering at
180° [33]. The complete experiment on the full determination of the amlitudes of the dp
backward scattering process requires the measurements of 10 observables {34] and is im-
possible to be realized at LHE Accelerator Complex at the moment.

Thus one can see that the additional to the simple IA (in case of A(d, p)X at zero angle)
and ONE (in case of the dp backward elastic scattering) mechanisms are important and,
therefore, the extraction of the information on the deuteron structure is difficult. In this
relation we should like to attract attention to another way of investigation of short range
deuteron structure.

This is (apart from the exclusive experiments) the measurements of the deuteron
inclusive breakup with the emission of the proton at large transverse momenta.

Measurements of the momentum spectra of protons at emission angles of 103, 139 and
157 mrad in the deuteron inclusive breakup reaction on hydrogen, deuterium and carbon
targets at 9 GeV/c [35] have demonstrated the universality of the high-momentum part of
the spectra, i.e., weak dependence of the momentum distribution shape on the atomic num-
ber of the target, A. In Fig.3 the ratio of cross section to carbon and hydrogen at 103 mrad

is presented. One can see, that at high momenta this ratio is close to the power law A 2/3.

The calculations performed within the framework of hard scattering model are in good
agreement with the data obtained on the hydrogen target. The authors managed to get the
following result: (i) The main contribution to reaction comes from the stripping and scat-
tering of the deuteron nucleon on the target proton, whereas the interference between these
processes and virtual pion production is small. So one can consider that the mechanism of
the reaction is known and is relatively simple; (ii) Strong sensitivity of the reaction to the
NN potential: The using of Paris DWF [36] gives the better agreement between theory and
experiment; (iii) The nucleons inside a deuteron keep their individuality up to the relative
momenta ~1 GeV/c. (iv) The reaction is sensitive to the spin structure of deuteron.

Another interesting feature of these data is the so-called Z-scaling {37], what means the
universality (i.e., the independence from the emission angle and A value) of the high
momentum part of the proton spectra normalized on the pp — pX cross section versus
minimal momentum of spectator in the deuteron rest frame Z.

!The curve is taken from the paper: Sharov V.I. et al. — JINR Rapid Com., 1996, No.3[77], p.13.
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solid lines follow the power law A3

These peculiarities of the reaction allow us to suggest the measuring of the tensor
analyzing power A_, 1n the inclusive deuteron breakup reaction A(d p)X at non-zero angle

[37], where the part of additional to 1A diagrams (virtual ® production) can be neglected,
and therefore, the obtained information is more easy to be interpreted in comparison with
the polarization data obtained at zero angle.
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Fig.4. Impulse approximation diagrams describing the deuteron breakup on hydrogen at
large transverse momenta of protons. Here 4 is an incident deuteron, p is a target
proton, p, is a proton detected, q,, ¢,, ¢, are off-shell nucleons, and p,, p; are nucleons

The global features of proton spectra in the region of the transverse momenta of
0.5—1 GeV/c produced in the A(d, p)X reaction by unpolarized deuterons with the initial
momentum of 9 GeV/c, were satisfactorily described taking into account only nucleon
degrees of freedom by means of interfering sum of the three Feynman diagrams shown in
Fig.4. Diagram (a) describes the detection of a proton emitted as a result of ‘the deuteron
direct fragmentation, and diagrams (b) and (c) correspond to the situation when the detected
particle experiences an additional interaction.

The analysis of spin effects of mechanisms shown in Fig.4 was carried out in the paper
of Azhgirey and Yudin [37]. The analyzing power qu for the H(d, p)X reaction is defined

in the standard manner:

X spmtr, M

= (H
Y [spmMMbae

Here M is the total amplitude of the mechanisms shown in Fig.4, dt is the phase space
element over that the summation is taken (in the case of an inclusive description of the
reaction), and tkq are the k-rank spin-tensor operators for the initial state.

As a result one can obtain the following expression for the tensor analyzing power
T2q taking into account the contributions of the direct fragmentation (diagram of Fig.4a)

and hard scattering (diagrams of Fig.4b,c):

plodo _

TZq[ dp1 ]0_

23 In,p 1
===_[F
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o(np - pX) +

IN,p) 1 Pigd0Np = piX)
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+JFo.a,) dy dq, +

+ (interference term) J, : (2)
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where

F(x, P)= V Y (k)[u(k w(k) — \/—w (k)]

dc /dp,), is the invariant differential cross section for the fragmentation of unpolarized
10 Pylo g p

deuterons, I(n, p), I(d, p) are the invariant fluxes of the colliding particles, x and y have the
meaning of fractions of the longitudinal deuteron momentum taken away in IMF by a
A

spectator and the second fragment, respectively, and K is the unit vector in the direction of
the nucleon momentum (x, kT) in the deuteron rest frame. The relation between the mo-

mentum Kk and the detected proton momentum p, in the light front dynamics, where the

deuteron is considered as a wave packet of two free nucleons, is determined on the basis of
the expressions

Pigt Py Kotk

x= =—, p”.=k , Xx+y=1, 3)
d0 + d3 2k0 ’ T
with the result that
2 2
2=k +md = mytkr
0 N o 4x(l-x)°

The explicit expression for the (interference term) is too combersome to be given here; its
contribution to the value of T does not exceed few percent.

The predictions for the tensor analyzing powers T,,and T.
to A

yyo

5> Which are simply related

A, [T+\/TT] )

2720

for the initial momentum 9 GeV/c and the proton angle in the laboratory 139 mrad are
given in Ref.37. It was demonstrated the strong sensitivity of A y 0 the used DWF obtained

from the different NN potentials. The calculations of Avy at 80 mrad using the DWFs

corresponding to the different NN potentials are shown in Fig.5. One can see that the using
of Paris [36] and Reid [38] NN potentials gives the similar behaviour of Ayy, whereas the
predictions of Bonn [39] and Moscow potentials [40] differ significantly even at relatively
small momenta of proton.

Therefore, the measurements of the tensor analyzing power A can be used as an

mdependent test to make a choice between the different potentials.

The sufficient point of the hard scattering model is that the NN amplitude is purely
non-spin-flip (this approximation seems to be reasonable in the momentum region under
consideration, -nearly ~5 GeV/c). As the consequence vector analyzing power- iT|, (or Ay)
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Fig.5. Tensor analyzing power Ayy in deuteron breakup reaction H(d, p)X

at 9 GeV/c of the initial deuteron momentum and 80 mrad of the proton
emission angle. The predictions for Paris [36], Reid [38], Bonn [39] and
Moscow [40] NN potentials are given by the solid, dashed, dotted and
dashed-dotted lines, respectively

equals zero. The value of this observable is very important to estimate the validity of the
hard scattering model and the importance of the spin-flip amplitude of NN scattering at high
energies. On the other hand, it would be extremely interesting to measure iT,, at lower

energies, where spin-flip part of the amplitude is relatively large.

2. Experimental Method

We propose to measure the tensor analyzing power Ayy in the deuteron inclusive

breakup process with the detection of the emitted proton at non-zero angle using a slow
extracted polarized deuteron beam of LHE Accelerator Complex and SPHERE set-up
(Fig.6). :
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Fig.7. Results of the Monte-Carlo simulation for a) the momentum and b) the angular
acceptances of the set-up

The momentum and angular acceptances of the set-up obtained from the Monte-Carlo
simulation at ~80 mrad of the proton emission angle and 5 GeV/c of the proton momentum
and presented in Fig.7 are Ap/p=+0.02 and A8 =+ 8 mrad, respectively.

The relative monitoring of the beam intensity will be provided by the ionization
chamber disposed in front of the liquid hydrogen or carbon target placed at focus F5 of the

beam transport line VP1. The counting rate from the scintillator counters telescopes Mg,

M, will be used as the independent relative monitors also. The measurement of the
deuteron beam polarization will be done using ALPHA polarimeter [41] based on the dp

elastic scattering as the analyzing reaction. The control of the beam polarization will be
achieved using a relatively high energy polarimeter [42]. The absolute calibration will be
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Fig.8. a) The separation of the protons and deuterons using the Cherenkov counter
with the refractive index 1.033 (solid line); b) the protons and deuterons separation
using time-of-flight information over the baseline ~40 m

provided by the measurements of the characteristic activities of 2*Na (or IlC) in thin foil
exposed in the beam just upstream of the target, what could give the accuracy in the
determination of the cross section ~+ 15%.

The main experimental problem is the identification and selection of the protons from
the deuteron breakup against the inelastically scattered deuterons with the same momentum
{43]. The suppression of the deuterons yield will be achieved by means of the Cherenkov

A
counter at the trigger level (C, in Fig.8). The range of the deuteron and proton velocities
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for the momentum acceptance Ap/p ~=+0.02 is shown in Fig.8a by the dashed and dash-
dotted lines, respectively. The solid line is critical velocity given by the refractive index of
the Cherenkov counter as 1.033. One can see, that it is possible to separate the deuterons
and protons at the trigger level at least up to their momentum ~7.2 GeV/c. The final
identification of the particles will be provided using the time-of-flight information over the
baseline ~40 m (Fig.8b).

The estimation of the beam time can be done using the published data [35] and the
following parameters of the beam and set-up:

* The intensity of the polarlzed deuteron beam is ~ 2 - 109 d /brust;
+ The momentum acceptance is Ap/p ==+0.02;

+  The solid angle is AQ =5 - 107 sr
* The length of the target is 30 (15) cm of liquid hydrogen (carbon);

» The tensor and vector polarizations of the beam are | pzzl ~0.8 and | pzl ~ 0.2,

respectively.
We would like to stress again the importance of using the 3-state beam in order to have
the possibility of measuring Ay as for the test of validity of the hard scattering model, as

well as to reduce the systematic error in the measurement of ijv af Ay is small).

The polarized cross section for different states of the beam polarization can be
expressed:

0 3 I 4
N*=N [1+2pA+2pzszy]
N =N[1+2p74 +1p A 5
=N 1+3p A3, ) 5)

where N9 is the non-polarized cross section, Ayy and Ay are the tensor and vector analyzing
powers, pzz and p; are the tensor and vector polarization of the beam. Since for 3-state beam

p; = - pzz and p: = pz—, the tensor and vector analyzing powers can be obtained as:

(6)

4 o LN-NT 1 NTeNT-oN®
“p 0o ° - 0
» p, N Y 3p, N
The corrsponding error bars are
6 1 N2
A = — ==
»w p AN__ A, = p, \/—_ 7
Z event cvcnt

With the typical vaiues of the beam polarization for 3-states I pzzl ~ 0.8 and I pz| ~ 0.2 and

3. 10* of useful events for one setting we expect the error bars as 0.02 and 0.05 for Ayy and

Ay , respectively.
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At the first stage of the experiment one can measure A at 2 energies (9 and

3.5 GeV/c) and 2 angles (80 and 130 mrad) with the hydrogen and isoscalar (carbon) target.

3. Conclusions

The observed features of the cross section of the A(d, p)X reaction at large transverse
momenta of proton; i.e., weak dependence of the shape of the cross section on the A value
of the target in the region of large proton momenta in the deuteron and the sensitivity to
NN potential give serious motivation to use this reaction to extract the information about
the high nfomentum tail of the DWF. The proposed experiment on the study of the tensor
analyzing power A, in deuteron inclusive breakup at non-zero angle could provide the new

independent source of information about deuteron spin structure at short internucleon
distances up to transverse momenta ~1 GeV/c.
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