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Measurement of the Tensor Analyzing Power T20 for dl+~~C p(0')+X in the Region
of High Internal Momenta in the Deuteron
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The tensor analyzing power T2p 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 T2o 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], yd ~ 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 T2p 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 k 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 T20 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 T2p have been performed by the Anomalon
group at Dubna, with the smaller errors [6]. Tzo up to
k = 0.82 GeV/c was found to be still negative and more

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 T2p behavior at the highest internal momenta
should be made at k ) 0.80 GeV/c where the calculations
of T2p with conventional wave functions give considerably
different values of T2p against the QCD prediction.

In this paper we report the results of the tensor
analyzing power T2p measurement for reaction d +
' C ~ p + X by detecting the protons emitted at forward
angles O~ ~ 1.3 . The goal of the experiment was to
measure T2p 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, [13,16]):I

(1)
4n(1 —n)

with m~ = k~ + I 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 o. 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
n = (E„+P~)/(Ed + Pd) At low internal mo. menta
the value of k is close to the proton momentum in the
deuteron rest frame q. The longitudinal component of q
is obtained by the Lorentz transformation of the laboratory
proton momentum: q~~

= y(P~~
—PE„) with y = Ed/md
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TABLE I. T2p as a function of k, q, and u. 6k denotes
uncertainty of k due to our momentum resolution for breakup
protons. The k, 6k, and q are in MEV/c.

400 :
350 =
300:
250:.
200:"
150

100

50

T 330
(TDC channel) (Mev/c)

47
275
325
375
425
475
525
575
625
675
725
775
840
920

1000

7
10
11
12
13
14
15
17
19
21
23
25
29
35
38

q

47
235
269
301
330
358
383
406
427
447
465
481
500
521
539

0.500
0.640
0.664
0.686
0.706
0.726
0.744
0.761
0.777
0.792
0.806
0.818
0.833
0.850
0.864

T2p ~ stat + syst
—0.083 ~ 0.027 ~ 0.003
—0.833 ~ 0.057 ~ 0.033
—0.810 ~ 0.047 ~ 0.032
—0.790 ~ 0.072 ~ 0.032
—0.600 ~ 0.056 ~ 0.024
—0.583 ~ 0.049 ~ 0.023
—0.663 ~ 0.053 ~ 0.027
—0.572 ~ 0.060 ~ 0.023
—0.506 ~ 0.062 ~ 0.020
—0.570 ~ 0.093 ~ 0.023
—0.601 ~ 0.057 ~ 0.024
—0.520 ~ 0.053 ~ 0.021
—0.453 ~ 0.048 + 0.018
—0.400 ~ 0.063 ~ 0.016
—0.351 ~ 0.116 ~ 0.014

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 Pd. The T2O

values corresponding to the same k bins but different Pd
are displayed in Fig. 4. One can conclude that there is
no indication that T2p depends on Pd, in accordance with
the observations made in [4]. The events for the same k

bins were combined and the T20 values were calculated.
The final T2o values are shown in Table I as a function
of k, q, and n 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

T20 0.5

T for d '"c p(o') + x

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 (T2o —0.3) [18] based
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FIG. 4. T2p for the same k bins at different deuteron beam
momenta Pd. The error bars display statistical errors.
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FIG. 5. T2p as a function of k and q. 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 Tzp at k below 0.95 GeV/c. On the contrary,
our results show that T20 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 T20 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 Tzo 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.
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