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Measurement of the Tensor Analyzing Power T3 for d'+12C — p(0°)+ X in the Region
of High Internal Momenta in the Deuteron
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The tensor analyzing power T,y for the reaction d' + '2C — p(0°) + X has been measured in the

region of proton internal momenta k in light-cone dynamics up to 1 GeV/c.

Measurements have

been carried out at Dubna Synchrophasotron with polarized deuteron beam at deuteron momenta up
to 9 GeV/c. When k increases the experimental values of Ty, have a tendency to approach the value
(—0.3) obtained by the calculation based on the reduced nuclear amplitude method in which the quark

degrees of freedom are taken into account.

PACS numbers: 25.55.Hp, 24.70.+s, 24.85.+p, 27.10.+h

The investigation of the deuteron structure at small in-
ternucleon distances (high internal momenta) is one of the
most interesting subjects in nuclear physics. At small dis-
tances the wave functions of two nucleons in deuteron
overlap each other strongly and the quark-gluon degrees of
freedom are expected to emerge rather than the nucleon-
meson degrees of freedom. The internal structure of the
deuteron has been studied at short distances in the reactions
d+A— p+ X at 0° [1-8], vd — pn [9], in inelastic
[10] and elastic ed scattering at a large angle [11], and in
dp elastic backward scattering [12]. The Dubna group has
measured the cross section of the forward breakup reaction
d + C— p + X with 8.9 GeV/c unpolarized deuteron
beam at the proton momenta in the deuteron rest frame
up to 0.58 GeV/c [2] (in light-cone frame [13] the corre-
sponding internal momentum k& = 1.2 GeV/c). The mo-
mentum spectrum obtained in the experiment was not well
reproduced by the models using conventional wave func-
tions [14,15]. On the contrary, the model with the hybrid
deuteron wave function [2,16], including a small amount
of six-quark admixture, described the data satisfactorily.
This model also described 7,y data obtained in the experi-
ments at Saclay [3,4] and Dubna [5]. In accordance with
the maximum deuteron beam momenta available at Saclay
(3.75 GeV/c) and Dubna (9.0 GeV/c¢), the deuteron strip-
ping process can be studied in dp — p(0°) X reaction up to
internal momenta & of 0.57 and 1.04 GeV/c, respectively,
and up to somewhat smaller momenta in dA — p(0°) X re-
action [17]. The first measurements of 75, performed at
Dubna by the Alpha group [5] contained rather large er-
rors at k higher than 0.70 GeV/c. Recently, new mea-
surements of T,y have been performed by the Anomalon
group at Dubna, with the smaller errors [6]. T up to
k = 0.82 GeV/c was found to be still negative and more
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similar to the QCD prediction [18] than to the calculations
with conventional wave functions. A crucial test to deter-
mine which of the theoretical approaches is more adequate
to describe T,y behavior at the highest internal momenta
should be made at k > 0.80 GeV/c where the calculations
of T,y with conventional wave functions give considerably
different values of T, against the QCD prediction.

In this paper we report the results of the tensor
analyzing power T,y measurement for reaction d' +
12C — p + X by detecting the protons emitted at forward
angles ®, = 1.3°. The goal of the experiment was to
measure 7,y with a good accuracy up to the highest k
available with the polarized deuteron facility of JINR
(Dubna) Synchrophasotron. The measurements have been
carried out at 4.5, 6.5, and 7.5 GeV/c of beam line
momenta for the emitted protons. To vary the internal k
at fixed beam line momentum we changed the momentum
of the incident tensor polarized deuterons from 6.0 to
9.0 GeV/c. The momentum k, called internal momentum
in light-cone dynamics, is expressed by the following
formula (see, for example, [123,16]):

2 _ my 2

 da(l - a) "p M
with m} = k7 + m} where k, is the proton trans-
verse momentum. Its mean weight value is estimated
as ~0.04 GeV/c for our beam line angular acceptance.
The light-cone variable a is the part of the deuteron
momentum carried by the proton in the infinite mo-
mentum frame [19,20] and is expressed by the formula
a = (E, + P,)/(E; + Pg). At low internal momenta
the value of k is close to the proton momentum in the
deuteron rest frame g. The longitudinal component of ¢
is obtained by the Lorentz transformation of the laboratory
proton momentum: g = y(Py — BE,) with v = E;/m,
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and yB = Py/my, where P = P,cos®, ~ P,; P,, E,
and P;, E; are the momenta and energies of proton and
deuteron, respectively. In this paper we prefer to use the
variable “k” as widely applied in analysis of the relativis-
tic bound states [13,18,21,22].

The polarized deuterons at the Dubna Synchropha-
sotron are provided by the Polaris ion source [23].
The Polaris possesses the ability to operate in either
the vector or tensor polarization modes and repeat
pulse by pulse any combination of three polarization
states “+,” “0,” and “—,” where + and — denote posi-
tive and negative polarization states and 0 denotes
the unpolarized state. A negligible depolarization at
the Synchrophasotron was confirmed experimentally
in the vector polarization mode [24]. For T,y data
taking we used + and — polarization states in the
tensor polarization mode. Typical beam intensity
was ~2 X 10° deuterons/pulse. The values of the
deuteron beam polarization components were measured
by detecting dp elastic scattering at 3 GeV/c with
the fast two-arm-beam-line polarimeter Alpha [24].
The tensor and admixture vector polarizations of the
beam were pJ = +0.543 = 0.013(stat) = 0.022(syst),
p; = 0.222 * 0.007(stat) = 0.004(syst) for + polariza-
tion state and p_ = —0.709 = 0.013(stat) £ 0.028(syst),
p, = 0.200 = 0.010(stat) = 0.004(syst) for — polar-
ization state. To estimate the systematical errors for
the measured p, and p., values we took total uncer-
tainties for the known analyzing powers A, and A,
for dp elastic scattering [25]. T, for the reaction
d' + 2C — p(0°) + X is derived from the differential
cross sections defined by the formula

— 3 p30T20). 2
where ot and o~ are the cross sections for positive and
negative aligned beams, ¢ for unpolarized beam, and
P20 = pz/~2 is the beam alignment in spherical form.
Then T, is reduced to

ot =%

" _
ez 3)
n-p —n P

where n* and n~ are counts of the detected protons
normalized by the deuteron beam intensities for positive
and negative alignments.

The stripping reaction d' + '2C — p + X occurred in
the carbon target located at the beam line focus F3 (see
Fig. 1). The target was 30 cm (50 g/cm?) along the
beam and 6 cm across it, while the beam spot at F3
did not exceed 3 cm. The beam position at F3 was
under control of a multiwire ionization beam profilemeter
and was found stable within =1 mm in the data taking
time. The deuteron beam intensity was measured by an
ionization chamber placed in front of the carbon target.
The quadrupole magnet located 4.5 m downstream from
F3 accepted the particles emitted at angle ©®, = 1.3°.
The beam line, consisting of bending magnets (B1, B2, B3)
and quadrupole magnets, selected the particles with the

Ty =
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FIG. 1. Schematic layout of the beam line. B denotes the

bending magnets. F3, F4, F5, and F7 are the focusing points.

required momentum; the momentum bite of the beam line
was *2%. Two independent time of flight (TOF) counter
systems were used for particle identification. The TOF
counters were placed at F4, FS, and F7. The particles
which passed through the beam line were detected by
the magnetic spectrometer Anomalon [26] located at F7
(Fig. 2). A momentum resolution of the spectrometer
was equal to 0.76% for 7.5 GeV/c protons. The event
trigger logic of data acquisition was made according
to (N1 X M1 X §2 X §3) X (TX1 X TX2) where N1,
M1, S2, and S3 were trigger counters located at F7.
Fourfold coincidences N1 X M1 X §2 X S3 formed a
beam particle signal. TX1 and TX2 were TOF counters;
the first one was located at F4 and the second at F7.
These TOF counters were used to suppress the deuteron
events at the stage of fast triggering. To select the proton
events the final particle identification was carried out by
another TOF counter system: the start timing signal of
the time-to-digital convertor (TDC) was fed from TOF
counter N1 located at F7, and the stop timing signals were
sent from two TOF counters N2 at F4 and M2 at FS5.
This system gave us two TOF timings: One is between
F4 and F7 (72 m) and the other is between F5 and F7
(45 m). In the off-line analysis the correlation of these
TOF timings was examined and the uncorrelated events
were discarded. A typical two-dimensional plot of TOF
(72 m) versus momentum is shown in Fig. 3. One can
see that protons are clearly separated from deuterons.

To derive the k dependence of T,y we divided the
events obtained with the given deuteron and beam line
momenta into several k bins (typically into three to five
with bites of 50 to 80 MeV/c). For some k bins we have

S2
S3
T e
\ . *nn Il i
S —— /] v T
PC4

PC6

Fr—HH i

uadru c7
pez /sz pC8 [
M1

N1 SP-40

FIG. 2. Schematic layout of spectrometer Anomalon. SP40,
analyzing magnet; PC1-7, three-dimensional (X,U,V)
MWPCs; and PC8,9, two-dimensional (X,Y) MWPCs;

S$2,83,N1,M1,TX2, trigger and TOF scintillation counters.
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FIG. 3. The two-dimensional plot of TOF versus momentum
for the detected events at the deuteron beam momentum
8.7 GeV/c and the beam line momentum 7.5 GeV/c. The TOF
time scale (one digit of the TDC) was 220 ps/channel.

obtained data at different deuteron momenta P,;. The Ty
values corresponding to the same k bins but different P,
are displayed in Fig. 4. One can conclude that there is
no indication that Ty depends on P,, in accordance with
the observations made in [4]. The events for the same k
bins were combined and the T,y values were calculated.
The final 7o values are shown in Table I as a function
of k, g, and « and plotted in Fig. 5 with the data of
other groups and theoretical predictions. Our data are
in good agreement with the Alpha group data [5] in the
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FIG. 4. T, for the same k bins at different deuteron beam
momenta P;. The error bars display statistical errors.

TABLE I. T, as a function of k, ¢, and a. &k denotes
uncertainty of & due to our momentum resolution for breakup
protons. The k, 8k, and ¢ are in MEV/c.

k ok q a T, * stat = syst

47 7 47 0.500 —0.083 + 0.027 *= 0.003
275 10 235 0.640 —0.833 + 0.057 = 0.033
325 11 269 0.664 —0.810 = 0.047 = 0.032
375 12 301 0.686 —0.790 = 0.072 = 0.032
425 13 330 0.706 —0.600 * 0.056 = 0.024
475 14 358 0.726 —0.583 * 0.049 = 0.023
525 15 383 0.744 —0.663 *= 0.053 = 0.027
575 17 406 0.761 —0.572 * 0.060 = 0.023
625 19 427 0.777 —0.506 *+ 0.062 * 0.020
675 21 447 0.792 —0.570 * 0.093 *= 0.023
725 23 465 0.806 —0.601 = 0.057 = 0.024
775 25 481 0.818 —0.520 * 0.053 = 0.021
840 29 500 0.833 —0.453 * 0.048 = 0.018
920 35 521 0.850 —0.400 * 0.063 * 0.016
1000 38 539 0.864 —0.351 £ 0.116 = 0.014

region where they overlap and the Saclay data [3] below
k = 0.50 GeV/c. We have not observed the structure
in the region around k& = 0.54 GeV/c which is seen in
Saclay data [3]. We suppose that this structure is a result
of the interference of two processes: deuteron stripping
reaction and background dp quasielastic scattering [17].
For this reason, the Saclay points at k = 0.50 GeV/c
should be excluded from the comparison with our data.

- Our data in the high internal momentum region, k >
0.85 GeV/c, have shown a tendency to approach the QCD
motivated asymptotic prediction (759 — —0.3) [18] based
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FIG. 5. T, as a function of k and g. Closed squares are
present results. Open and closed circles are Dubna data from
[5] and [6], respectively. Open squares are data from [3]. The
curves and the arrow are explained in the text.
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on the reduced nuclear amplitude (RNA) method [27]
(Fig. 5, arrow 5). Curves 1, 2, and 3 are the results of
calculations [22] by relativistic treatment using conven-
tional wave functions: 1, spectator mechanism with the
Reid soft core wave function; 2, calculation with the Reid
soft core wave function taking account of final state inter-
action (FSI); and 3, calculation with the Paris wave func-
tion taking account of FSI. All of them indicate the sign
change of T,y at k below 0.95 GeV/c. On the contrary,
our results show that T, still remains negative even at
k = 1.00 GeV/c. Curve 4, being in agreement with our
data up to k = 0.70 GeV/c, is the result of the calcula-
tion with allowance for the composite six-quark compo-
nent [22,28].

To conclude, for the first time the tensor analyzing
power T has been measured for the reaction d' + '>C —
p(0°) + X in the region of proton internal momenta in
light-cone dynamics up to 1 GeV/c. The results have
shown a tendency of T,y approaching the asymptotic
prediction (—0.3) obtained in the calculation based on the
QCD reduced nuclear amplitude method where the quark
degrees of freedom are taken into account.

Financial support was provided by the Japan Society
for the Promotion of Science (JSPS) and the Russian
Fund of the Fundamental Research. We would like to
thank the staff of the engineering departments at JINR
Laboratory of High Energies (LHE) for maintaining the
polarized deuteron beam running in good condition. The
authors are very grateful to Professor A. Baldin, Professor
I. Golutvin, and Dr. V. Khabarov for the kind attention
and support of their activity. We appreciate the assistance
of A. Litvinenko, A. Khrenov, Z. Motina, and P. Kulinich
and thank the directorates of JINR and LHE for the
support of this experiment.

[1] F.L. Fabbri et al., Lett. Nuovo Cimento 17, 21 (1976).

[2] V.G. Ableev et al., Nucl. Phys. A393, 491 (1983); A411,
541(E) (1983).

[3] C.F. Perdrisat et al., Phys. Rev. Lett. 59, 2840 (1987).

[4] V. Punjabi et al., Phys. Rev. C 39, 608 (1989).

[5] V.G. Ableev et al, JETP Lett. 47, 649 (1988); JINR
Rapid Communications No. 4, 43-90, Dubna, 1990.

[6] A.A. Nomofilov et al., Phys. Lett. B 325, 327 (1994).

[7] E. Cheung et al., Phys. Lett. B 284, 210 (1992).

[8] 1. Atanasov et al., in Proceedings of the 10th International
Symposium on High Energy Spin Physics, Nagoya, Japan,
1992, edited by T. Hasegawa, N. Horikawa, A. Masaike,
and S. Sawada (Universal Academy Press, Inc., Tokyo,
Japan, 1993), p. 537.

5000

(9]
[10]
[11]
[12]

[13]
[14]
(15]

[16]
[17]

[18]

(19]
[20]
[21]
[22]
[23]

[24]
[25]
[26]
[27]

[28]

S.J. Freedman et al., Phys. Rev. C 48, 1864 (1993).

P. Bosted er al., Phys. Rev. Lett. 49, 1380 (1982).

1. The et al., Phys. Rev. Lett. 67, 173 (1991).

J. Arvieux et al., Nucl. Phys. A431, 613 (1984); Phys.
Rev. Lett. 50, 19 (1983); P. Berthet ez al., J. Phys. G 19,
L111 (1982).

L. Frankfurt and M. Strikman, Phys. Rep. 76, 215
(1981).

M. Lacombe et al., Phys. Lett. 101B, 139 (1981).

R.V. Reid, Ann. Phys. (N.Y.) 50, 411 (1968).

A.P. Kobushkin and L. Vizireva, J. Phys. G 8, 893 (1982).
The maximum proton momentum Pifi which can be
observed at 0° corresponds to dp backward -elastic
scattering. The internal momentum distribution can be
studied in the dp reaction up to kitax defined by Piifax
in accordance with Eq. (1). For dA — pX the Kinta
corresponds to exclusive reaction d + A — p(02.,) +
A(180%,,) + n(180%,). One can see that Pi4, > P
and so k@4 > kiax at fixed P,. In the case of dA —
p(0°) X reaction one meets an interference of the deuteron
stripping process with a proton knockout, in particular
with the backward elastic scattering on quasifree protons,
dpqe. Obviously, a peak of dpgyr scattering should be
broadened due to Fermi motion in nucleus. We can
conclude that we may study the deuteron stripping process
in the dA — p(0°) X reaction without interference with
dpqr scattering only up t0 kmax = kmax — ki, where k;
is defined by the requirement to cross sections at kmax:
o(dpgr) < 0(dA — p(0°)X). In the range from kpmax to
kd4. one should take into account an interference of the
stripping process with the other ones.

A.P. Kobushkin, in Proceedings of the 10th International
Symposium on High Energy Spin Physics, Nagoya, Japan,
1992 (Ref. [8]), p. 505; J. Phys. G 19, 1993 (1993).

P. A.M. Dirac, Rev. Mod. Phys. 21, 392 (1949).

S. Weinberg, Phys. Rev. 150, 1313 (1966).

L. Frankfurt and M. Strikman, Phys. Rep. 160, 235 (1988).
G.I. Lykasov, Phys. Part. Nucl. 24, 59 (1993).

A. A. Belushkina et al., in Proceedings of the 7th Interna-
tional Symposium on High-Energy Spin Physics, Protvino,
1986 (Institut Fiziki Vysokikh Energii, Serpokhov, 1987),
Vol. 2, p. 215.

V.G. Ableev et al., Nucl. Instrum. Methods Phys. Res.,
Sect. A 306, 73 (1991).

V. Ghazikhanian et al., Phys. Rev. C 43, 1532 (1991).
Yu. T. Borsunov et al., in Proceedings of the International
Workshop “Dubna Deuteron-91,” Dubna, 1991 (JINR
Report No. E2-92-25, 1992), pp. 185-187.

S.J. Brodsky and J.R. Hiller, Report No. SLAC-PUB-
5763, 1992; Phys. Rev. C 28, 475 (1983).

M.G. Dolidze and G.I. Lykasov, Z. Phys. A 335, 95
(1990); Z. Phys. A 336, 339 (1990).



