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Measurements of the cross sections of deuteron stripping on carbon and
protons were carried out at a deuteron momentum of py= 9.1 GeV/c in the

region of momenta of forward emitted protons from = p d/ 2 up to the kinematical

limit. The cross sections of this reaction on proton were obtained using the
CH2—C subtraction method. The data tables are presented.

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

WUsmepenue ceuennit peakimi 12C(d, p) up(d, p)
B ITMPOKOM MHTEPBAJIC MMITY1bCOB
BBUIETAIOIIMX BIEPER IPOTOHOB

B.T".AGnees u ap.

Ilpn Mmysibce AEHTPOHOB p d= 9,1 I'3B/c npoBeneHbl M3MEPEHUs CEUEHMIL
PeaKkuUH CTPHIINKHIA AEHTPOHOB HAa YTVIEPOAHON M CH2 MMIUEHSIX B 06aacTu
HMMIYJILCOB NPOTOHOB OT = p d/ 2 no xMHeMaTH4eckoro npesena. Ceuexue 310it
peakuni Ha NPOTOHE MOJYUYEHO C MCMOJIB30BAHNEM BbIYHUTATEIbHOM CH2—C

npoueaypsl. ITIpUBORATCS TabAMLbI NAHHBIX.
Pa6ora sbimonuena s JJaboparopuu Beicokux suepruit OUSIH,

Introduction

Our previous measurements of the momentum spectra of forward
emitted protons from the deuteron fragmentation on carbon performed
over a wide range of proton momenta " have revealed a promiment
excess of the measured cross sections over the results of calculations
based on the Relativistic Impulse Approximation (RIA) 1/ using popular
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deuteron wave functions (DWF) when the proton momenta taken in the
deuteron rest frame (DRF) exceed 0.2 GeV/c. The importance of
conclusions, which can be drawn from this observation, stimulated us
to repeat measurements with an amended setup and enlarged statistics.
To investigate a possible influence of the target-nucleus on the observed
effect, new measurements were carried out using several nuclear targets
(C, CHZ, Al, Cu). The new data were first presented at the Dubna
conference’? ; flrst data on the proton-target are also shown in the
figures of Ref.”3

Some Experimental Details

Basically, the scheme of the cxperiment was not changed in
comparison with the one described in Ref./!/ , and so we point only to
main features.

The experiment was performed at the JINR synchrophasotron. The
spectrometer «ALPHA» was used in the deuteron beam with a
momentum of 9.1 GeV/c (fig.1). The beam intensity varied between

5-107+2-10'° parlicles/bursi. The iarget support aliowed one to use a
pair of targets setting them on the beam in turn. The above targets
were used in pairs (C, CH ) and (Al, Cu). The intensity of the beam
hitting the target was momtored with two sets of scintillation monitors
looking at the target at an angle of about 90° relative to the beam
direction.

The measured part of the entire momentum spectrum was chosen by
setting a relevant current value in the magnet MO; the current in the
coil of the M1 magnet was set in accordance with the MO one. Two
Cerenkov counters were used to separate protons from deuterons with
the same momentum. Inelastically scattered deuteron background
becomes appreciable at momenta close to 6 GeV/c and increases sharply
with increasing momentum. The magnetic spectrometer with multiwire
proportional chambers was used to measure the momenta and entering
angles of particles directed into the spectrometer by the MO magnet.
The corresponding resolution of the spectrometer was o, /p =0.35%

and Oy = 0.5 mrad.

The following amendments were made in comparison with the pre-
vious scheme.

The lenses after the MO magnet were removed: their matter became
a brighter source of secondary particles than the main target creating
too large particle flux when high momentum protons were directed to
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the spectrometer because the trajectories of protons and primary
deuterons were close to each other in this case.

The monitoring telescope system was updated which: resulted in the
improved ratio of counting rates with full and empty targets.

The data on magnetic fields from Hall probes in the magnets MO,
M1 and the data on the beam distribution in the target area were
transferred from the computer controlling the accelerator to our on-line
computer. ‘

The main trigger included a decision of the fast processor/ 4/ , which
selected events on the entering angles of detected particles. Strong
correlations between the entering angles and momenta of particles
allowed us to vary momentum acceptance of the spectrometer in such
a way.

Data Analysis

Using information on peam characteristics, raw data were filtered: if
the current beam location differed significantly from the mean one, the
corresponding data stored during this cycle were excluded from further
analysis. As a rule, the beam location was stable at a beam intensity

of =107, When the measurements were performed in the proton
momentum region close to p J /2 it was necessary to lower the beam

intensity to =5-107 to keep counting rates in the Spectrometer at an
optimum level; in this case the beam location became unstable due to
getting worse the operation of the beam control system at low intensity
levels. This led to increasing the number of excluded cycles up to 309%.

Using the determined momentum and entering angle of the detected
particle, the entering track was extrapolated to the target (taking into
account the deflection in the M0 magnet and in the scattered magnetic
field of the accelerator on the path between the MO and the target),
and the coordinates and angles of particle emission from the target were
found. Taking into account the beam angular divergence, we estimate
the emission angle resolution as =2 mrad. Events were selected using
a restriction on the coordinates of the particle emission point in the
target.

Each MO current setting determined the nominal momentum p, with

which a particle emitted from the center of the target at an emission
angle of 0° goes along with the spectrometer Z-axis. Events with
momenta in the interval |(p = Py)/pl < 0.05 were taken for further

analysis for every MO current setting. The angular acceptance of the
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Table. The invariant cross sections of the 12C (d, p) and p (d, p) reactions

a C(d,p) p{d.p) a C(d,p) p(d,p)
MeV/c b GeV/(GeV/c)Bsr MeV/c mb GeV/(GeV/c)ser
- 85 12.610.43 2.41+0.37 205 140+5.9 37.8:4.6
- 75 19.310.49 3.63+0.43 215 114+4.6 28.813.7
- B85 28.7+0.48 5.63+0.45 225 90.5+3.7 18.81+3.0
- 55 45.0+0.85 8.4010.64 235 75.312.3 17.122.0
- 45 70.621.1 14.9+0.87 245 59.1+2.1 17.1£1.8
- 35 109+1.3 20.9+1.0 255 47.9t1.86 12.911.4
- 25 167+3.1 30.2+2.7 265 43.7+1.3 11.0%1.16
- 15 239+3.3 43.2+2.9 275 34.8%1.0 11.3+0.97
~ 5 2811+5.1 52.7t4.86 285 31.8+x0.87 8.5310.80
5 290%4.5 52.2+3.9 295 26.7+0.77 7.82+0.74
15 24412 .7 45.612.4 305 22.710.81 6.22+0.56
25 179+£1.9 30.4+1.7 315 19.8+0.56 5.311+0.561
35 113x1.5 20.7+1.4 325 18.5+0.46 4.301£0.41
45 70.611.1 13.2+x1.0 335 15.5+0.37 4.30x0.35
55 40.6+0.83 8.17+0.73 345 13.4+0.29 3.97t0.28
65 25.6+0.59 4.41+0.54 355 11.4+x0.26 3.3210.24
75 15.41+0.52 3.12+0.43 365 9.3710.18 2.6310.16
85 9.98+0.33 2.07t0.27 375 7.62+0.17 2.3010.16
95 6.31+0.21 1.25+0.189 385 6.4610.14 1.8810.14
105 4.3510.15 0.83+0.14 395 4.8810.12 1.6610.11
115 2.8410.099 0.66+0.089 405 3.9910.11 - 1.22+0.099
125 1.81+0.080 0.4210.071 415 3.20£0.095 0.8591:0.082
135 1.2210.046 0.25+0.041 425 2.40£0.074 0.732+0.068
145 0.811+0.031 0.197+0.029 435 1.89+0.065 0.566+0.059
1556 0.570%0.023 0.153+0.022 445 1.531£0.061 0.48310.057
165 0.416x0.019 0.102+0.017 455 1.202x0.051 0.34510.048
176 0.29910.012 0.081+0.012 465 0.886+0.045 0.240t0.041
185 0.2291x0.008 0.062+0.008 475 0.668+0.039 0.194t0.035
185 0.182+0.007 0.037+0.007 485 0.4911+0.032 0.14010.029
495 0.391+£0.030 0.150+0.032
505 0.333+0.033 0.1298+0.031
515 0.306£0.032 0.044t0.028

spectrometer was =1.5 mrad for fixed p inside this interval; the mean
emission angle correlated with the value of dp = (p — po)/ p and varied

from O up to 6 mrad when Jp changed from 0 up to 0.05.
To obtain the cross sections, we analyzed the proton momentum
distributions of events taken in DRF, namely:

612 = qtz + 012, q, = p-sin 6, q,= F(p-cos 0),

where p, 6 are the momentum and emission angle of the proton in the
laboratory; and F, the corresponding Lorentz transformation. The
maximum value of ¢, was about 30 MeV/c at p=p, /2 (4.55 GeV/c)

and about 50 MeV/c at p = 8 GeV/c. It is particularly important to
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take ¢, into account in the vicinity of p d/2, where g, = 0, because in
this case ¢ = g, In this region the fragmentation cross section

proportional to the DWF squared, i.e. lI’z(q), has a very sharp depend-

ence on ¢ (¥%(0)/W? (30 MeV/c) = 1.9). The correctness of this pro-
cedure is confirmed by the fact, that the overlapped data sets, stored
at close nominal p, in the region of p d/ 2, agree very well when the

g-distributions are compared and they disagree strongly when the q;-

distributions of the same data sets are used. The correctness of such a
procedure is also supported by Refs. 3,6 » where the angular distribution
of proton-spectators with ¢ < 50 MeV/c is shown to be isotropic; the
difference between ¢ and g, is negligible at large g, where relativistic

effects should be taken into account.
The entire momentum spectra were normalized using the results of
the specially performed measurements 7;.

The invariant forward cross sections of the reactions !2C (d, p) and
p (d, p) are presented in the table as a function of proton momentum
g in the DRF (we ascribed to ¢ the sign coinciding with that of g, to

distinguish proton momenta in the laboratory p < p,/2 and p = py/2).

Figure 2 presents the ratio of these cross sections. It changes as much
as twice when g varies from 0 up to 0.2 GeV/c and remains almost
constant when ¢ increases above 0.2 GeV/c. Such a behavior is steeper
than the one predicted by the Glauber-Sitenko calculations performed
by us following Ref. / but it is not so sharp as predicted in Ref./ 9/ .
The full calculation for the carbon target and the one made in the
framework of Impulse Approximation are presented in this paper. The
comparison of the ratio of these calculations with the experimental one
presented in fig.2 is correct if
the Glauber-Sitenko corrections [ 2C(d:p)/p(dip)
to the cross section of the
reaction p(d, p) are small. The S T
data shown in fig.2, namely the I

e
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Fig. 2. The ratio of the cross sections of ¥ ¢¢**¢ .
the 12C(d, p) and p(d, p) reactions +§ -
( ©). Solid line — the polinomial data fit; p(dp)/RIA ++ *+
dashed lines — the calculations based on -
refs./8/ (long dashed) and/9/ (short L ""#?"}+ Tt T T ++'

dashed). (O) ~ the ratio of cross
sections of the reaction to ones L
predicted by RIA using the Paris : ! L ! 1 Lo
potential /10 0 01 0.2 oqs (Gev/oé‘) 0.5
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ratio of the measured cross sections of the reaction to the one calculated
in the RIA framework with the Paris DWF/ 1o/ , demonstrate a
satisfactory agreement for ¢ < 0.2 GeV/c (and hence the Glauber-
Sitenko corrections are really small for p(d, p) reaction).

The excess at ¢ = 0.2 GeV/c of the measured cross sections over the
ones calculated in the RIA, mentioned in the Introduction, is discussed
in Refs./ L2t/ (see also the references quoted therein).
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