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The asymmetry in inclusive reactions of the type a + p{t)~» a + anything at 8 GeV/c (a = #*, #™, or p) have been
measured at the CERN Proton Synchrotron using a pelarized proton target. In the mp reactions and over a imited
range of pp {0.17 < p < 0.36) GeV/c the results indicate i} an asymmetry for x = pﬁjp:hax > 0.7 which is mirror
symmeiric for the 7+ and n” rcactions; i)} en asymmetry compatible with zero for 0.3 < x < 0.7.

In this letter we present the results of an experi-
ment performed at the CERN Proton Synchrotron
(PS) to measure the asymmetry € of inclusive reac-
tions on a polarized proton target:

7% + p(1) = n* + anything, (13}

Measurements were made at an incident momentum

of 8 GeV/c, a transverse momentum pr = ¢.2635

* 0.095 GeV/c, and for different vatues of X =py/D 5
in the “fragmentation region” of the incoming particle
from x = 0.3 up to 0.9.

Although many phenomenological models have
been used in the field of inclusive reactions during re-
cent years, ideas concerning spin-dependent effects of
inclusive processes are slowly emerging {1-4]. One
reason is the complexity of the problem; another is the
lack of experimental results. Recently, generalization
of the Mueller-Regge ideas to polarized hadrons and
formatism have been carried out by several authors
[5-91.

A zero asymmetry was predicted by Abarbanel and
Gross {11, in the region of beam fragmentation, arising
from the constraints of s-channel helicity conservation
with the factorization of Regge residues at zero degree.
Salin and Soffer {8] have also shown that exchange of
mixed naturalities are necessary to explain a non-zero

agymmetry in this kinematic region. Spin effects in in-
clusive reactions have already been studied experimen-
tally in inelastic.electron-proton scattering [10],
photoproduction of 7~ by polarized ¥ on protons {117,
and also in some strong interactions {12, 13], How-
ever, the present experiment is & first check of the fac-
torization argument of Abarbanel and Gross in strong
interactions.

Another important motivation is based on the fact
that, as emphasized by many authors, the asymmetry
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is directly proportional to the helicity flip amplitude,
IA(+)) and I\{(~)) being the proton {particle b) helici-

© ties [4,5,8]. That is to say, asymmetry measurements

in the beam fragmentation region will provide a sensi-
tive tool for the study of non-factorizing cut contribu-
tions. _

Fig. 1 shows the experimental set-up. A secondary
beam (intensity 106 to 2 X 106} hits a polarized pro-
ton target {propanediol C3Hg 05 ; dimensions @
= 1.5 em, L = 4.2 cm}. The scatiered pion is momen-
tum analysed by a CERN 1 m standard magnet and
the hodoscopes Hy (2 mm spacing) and Hy,Hs, Hg
{3 mm spacing) give 2l the kinematical information.
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Fig. 1. Experimental set-up for the asymmetry measurement in #%p — % + anything inclusive process at 8 GeV/e.

Changes in the position of the hodoscopes or the cur-
rent in the magnet allow different regions {x, py) of
the phase space to be reached. The signature of the
event is given by three threshold Cerenkov counters
Cy,Cy, Cq, and the trigger was T

= Cq(myCy (m¥C4(m)S; 8,548, where Sy _y are the
scintiliation trigger counters. The rate of multiple par-
ticles going through the detectors, which cannot be re-
solved with this very simple system of detection, was
always less than 3%.

Two telescopes (M; Mg and MMy ) symmetrically
mounted in the vertical plane at zero degrecs horizon-
tatly, are used as two monitors. These give information
proportional to the product of the beam intensity and
the number of nuclei in the target.

The parameter ¢y is defined as follows:
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where Pr is the target polarization, and n(+} and n(—)
are the normalized numbers of m + p -+ 7 + anything
events observed with the direction of target polariza-
tion positive (spin up) and negative (spin down).

Although the set-up is quite simple, the experiment
presents two main difficulties in that it is 2 zero con-
straint experiment and that the stability of the experi-
ment must be very good.

Because it is 2 zero constraint experiment, we have
to extract the asymmetry ey due to free hydrogen
from the total asymmetry ey given by all the material
of the target through a dilution factor R:

1 N - N(—)
Py N(+} + N (-~}
N(+), N(~) are the normalized (by M; M, +M,M,
rates) numbers of evenis of the type » + target = # for
positive and negative polarization.

The dilution factor R is the ratio { M(+) + N(~)}/
{n(+) + n{~)} which is close t0 the chemical ratio of

(4)

EH =R'€T =
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all the nucleons over free protons contained in the tar-
get (~8 in case of the propanediol). Consequently,
the iolerance of error on et becomes so severe that
the precise measurement of ey needs not only high
statistics but also very good stability of the counting
rates '
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Fig. 2 a) Distributions of the normalized events, as a function

of x, for a particular setting around (x} = 0.8. b) Deduced dis-
tribution from free protons. '
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In order to obtain the factor R which may vary
slightly following the kinematical conditions, we
made special runs with a carbon dummy-target local-
tzed inside the cryostat itself.

Fig. Za shows an example of spectra as function of
x compared with the polarized target spectra, for a
particular setting of measurement at {0 = 0.3, From
the fact that the denominator of 8, n{+} + n{--), is
given as a small difference of large two numbers,

N{+} + N{~) and the normalized number of dummy
target evenis, we see immediately that 2 sufficient pre-
cision on R requires a prohibitive precision on the
dummy target simulation. To avoid this difficeity, we
have normalized the dummy spectrum such that the
number of events #(+) and #{-) under the peak at

x 7 1.0 give the known experimental value of the po-
larization in the elastic wp scattering. For this purpose,
we have used an interpolated value of the polarization
in the elastic mp scattering at 6 {14} and 10 GeV/e
[15]}, and obtained the factor R as function of x. The
average value of R was found to be 7 £ 0.7 in fairly
good agreement with the chemical ratio.

Fig. 2b shows a spectrum of free hydrogen events
after subtraction of the dummy spectrum thus nor-
malized. For x << 0.9 ¢ontamination, elastic or quasi-
elastic contribution in the inclusive events is negligible.
But for x > 0.9, no inclusive result can be exiracted
from the data.

The stability of the asymmetry measurement was
controlled by reversing the sign of the target polariza-
tion as frequently as possible. During the acquisition
we tried to obtain the best conditions of stability, and
the analysis was considered in two steps:

i} We verified separately the internal stability of
the monitors (M) M3 and MyM,) and the events (trig-
ger rate and processed events’ rate). This stability gen-
erally is within the statistical limit. For example, we
required the ratio My M3 /MM, of the target monitors
to be equal for all runs {+) and runs (—) within a pre-
cision of 0.002.

i) A time-dependent anatysis method was developed.

We know very well that in polarized target experiments
the bias on the measured asymmetry would be very
small if we had the possibility of reversing the target
polarization every minute, for example. Unfortunately
this is not the case, and in practice we accumulate data
for about iwo hours with the same sign of target po-
larization. In this case the conditions of the experi-
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Table 1 )
Experimental results of the asymmetry in vt + p(1) - 7%
+ anything inclusive reactions at 8 GeV/e for 0.17 < P
< 0.36 GeV/e

x - elnt) eln™)

2.35 +.0.05 1.9+ 72.3% ~3.0 % 34%
0.45 & 0.05 —0.9 £ 2.0% 135 2.2%
0.55 ¢ 0.05 2.8+ 3.0% 2.6+ 3.5%
0.65 + 0.05 34t 02.3% ~1.9 % 3.2%
0.75 £ 0.05 3.5+ 1.9% ~1.6 % 2.3%
0.85 £ 0.05 8.8+ 1.8% 9.1+ 2.7%

ment are not exactly the same for a series of runs {+}
and the following series of runs (). In fact small vari-
ations exist which can be compensated for as follows:
if M{#;) is the appropriate normalized number® of
total events corresponding to the target polarization
P, {algebraic value) in a run 7 taken in a series of yuns,

* For the reason of simplicity, we suppose here N(i} absolute-
ly mormalized number by an ideal monitor. However, as
shown in ref. [16], the time dependent approach allows fo
recognize only sudden variations of the counting rates asa
consequence of the target-polarity change, that means, any
stow fluctuation of the monitor is automatically incorpo-
rated in the drift function, releasing the above condition on
the absotufe normalization.
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Fig. 3. Asymmetry data from this experiment. (e): ¥ p— 7"
) w7 p =" {4) and (0) “clastic peints” in ", #~
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at time ; (average value), then
Ny = (1 +epPs)e Fy, )

where F{¢;) is a drift function which reduces to a con-
stant if there is no time fluctuation of the apparatus.
The problem is now reduced to a determination of £
and F(t;} by a least squares fit, and for a series of n
runs F(z;} is approximated by a polynomial. The solu-
tion for such non-linear normal equations can be ob-
tained in the first order and it gives the parameter e
and its error, which includes the statistical error but
also the non-reducible bias.

The method is described in detail elsewhere [16]
and the results we obtain on Aey vary from 0.25% to
0.5%, depending on the statistics and the quality of
the data.

Table | gives the results of the asymmetry ¢ of the
inclusive processes % +p(1) - #* at 8 GeV/e and for
0.17 < py < 0.36 GeV/e and different x-values. These
results are displayed in fig. 3 as a function of x and of
the missing mass My, . :

The two points measured in this experiment {at x
=0.97 and £ = 0.17 + 0.04 (GeV/c)*] corresponding
to the elastic scattering polarization were used for an
absolute normalization of the dummy-target data as
mentioned above. The missing-mass resolution
(= 2200 MeV) does not allow a defailed study to'be
made of the resonance region.

The results can be swmmarized as follows: The
asymmetries in 77 and 7~ induced reactions show 2
mirrer symmeltry as in the elastic reactions, with the
same sign. The asymmetry is found to be positive in
7", negative in n~ for x > 0.7, Its magnitude decreases
rapidly as x decreases (or My increases), For 0.3 <x
< 0.7, asymmetry is found to be flat and almost com-
patible with zero: (e),+ = 0.6 £ 1.2%, (&) -
=-2.0%1.5%.

In our restricted kinematical conditions [s = 16
GeV2; ¢~ fixed: —0.1 to —0.2 (GeV/c)ng%/s vari-
able: 0.13 =+ 0.7 corresponding to p fixed and x vari-
able on a large scale] our data show a very fast de-
crease of the asymmetry as a function of only one
parameter. As My corresponds to the total centre-of-
mass energy of the three-body system abC in the
Mueller-Regge picture, we can say that the asymmetry
is very close to zero above an energy of 2.25 GeV.
The prediction of Soffer and Wray [17] using a triple
Regge cut model reproduces well the flatness of the
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data in this region, but with a slight disagreement in
magnitude. '

The non-zero asymmetry we found is well local-
ized in a region of small My . In this region it might
be expected that two-body exchange diagrams of
“elastic-like” reactions dominate the production pro-

cess; this idea would lead naturally to an asymmetry °
that is @ priori different from zero when averaged
over the different exclusive reactions.
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