Invited Talk, Workshop on Spin
Phenomena in Hadronic Interactions

September 15-17, 1986

RS ! A }%3% Wuppertal, West Germany
- o (Page 57, Part I, Proceedings)
‘]Lll O Q 1[;8?’ ANL-HEP-CP=-87~31

j ~ Rt ¥ /.“\ ( ~ ! .

COVF B0 0~ < |

RECENT RESULTS ON POLARIZATIONS AND THE PRESENT STATUS OF

THE FERMILAB POLARIZED BEAHS§
ANL-HEP-CP~-87-31

Akihiko Yokosawa DE87 011405

High Energy Physics Division
Argonne National Laboratory, Argomne, Illinois

There are two sectious in this paper. 1In the first section we discuss
the nucleon-nucleon scattering at intermediate energiles including the present
status of dinucleon resonances. In the second section we present the Fermilab

pelarized-beam program.

I. Recent Results on Polarizations in Nucleon-Nucleon Scattering

We review experimental results concerning polarization phenomena in
nucleon-nucleon scattering at intermediate energies, and the present status of
S = 0 dibaryon resonances.

A) Introduction

We review new experimental results including -the data taken with the
Argonne ZGS polarized-proton beams, These results continue to have an impact
on the field of polarization phenomena. Many structures were found at lower

energies, up to about 4-GeV/c incident proton momentum. Remarkable spin
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2=
effects were observed in the spin-spin correlation measurements up to 12
GeV/c. It is also attempted to update an earlier paper on the nucleon-nucleon

polarization phenomena.1

B) ngScattering Amplitude Measurements

Results of measurements on a number of triple- and double=-spin correla-
~ tion parameters in proton-proton elastic scattering at 6 GeV/c over the |t|
rsnge between 0.2 and 1.0 (GeV/c)2 were recently published.2 These new data
permit the first nucleon-nucleon amplitude determination above the "dibaryon
resonances" region. A total of 14 different spin observaliles were measured
(five spin transfer, four depolarization, and five triple-spin correlation
parameters). These have Been combined with earlier results, resulting in 20
different spin observables for each of six |t| values between 0.2 and 1.0
(Gevlcjz. A solution for the amplitudes has been found at each [t|. The
amplitudes are normalized so that do/dQ = 1.

Here we Jifine scattering amplitudes in two different ways:3

1)  s-channel helicity amplitudes
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2) t-channel exchange amplitudes (NO, Ny, Ny, Uy, and U, which have definite
quantum numbers exchanged at asymptotic energy)

Natural-parity exchange:



Unnatural-parity exchange:

=1
Ng =201+ q3), Ny = 95, Ny =2 (84 - ¢,)

Cross sectioun:

dafde = |Ng|2 + 2|Ng |2 + Ny |2+ Jug|? + U,

{the subscripts correspond to the total s-chamnel helicity flip).

The results of the amplitude determination are shown in Fig. la for the

exchange amplitudes and in Fig. lb for the s-channel helicity amplitudes.

2

Note that the magnitudes of Ngs 915 and ¢4 are scaled down a factor of 5 in

- h‘_ 0.2 LI 2 (L]
Fi g 1 Nyl ] Ngt8 ] ' 8 %:,, P8 o:l,.
-t=0.27 -t = 0.81 -t = 0_2;, -t = 0.51
Yo, e ,
1 X Al a Y PO M I ]
] 07 0.2 0.2 e . ~es o o3 — 0.2
. . A - ¢l s Re
"‘h Ny Uy IS }
b, 3 * )
L.0.2 0.2 0.2
(a) (b)
0.2 r0.2 - 0.2 0.2
Nol$ Mors| b3 doss L YE byts
-t~0.38 -t =0.88 -t =0.38 -t = 0.48
Uy up t
— 1 — N Lo 1 YLV : | P | 1 2
-02 /A\ 02 -0.2 0.2 -0.2 g 0.2 -0.2 :
L > A $ : ;
# Ny u e e TN F 1 if
M, |» " My L uz ‘\,-' """ : :1, )
[ L} L} Y SRR
{ t
i—-o,z ‘{no —-0.2 {-0.2
Fig. la. pp scattering amplitu: . 6 GeV/c (exchange channel).
Fig. lb. pp scattering amplitudes ac 6 GeV/c (s-channel helicity

channel).



In particular, the data show that the spin non-flip helicity amplitudes
¢, and ¢3 are much larger than the spin-flip amplitudes. This indicates that
helicity conserving exchange terms are dominant, as would be the case if
exchanged gluons couple to current quarks in the nucleons. The amplitude pice-
ture seems easier to understand in terms of the s-channel helicity amplitudes,
where little variation is observed in ¢;, ¢3, and ¢5 over most of the t-range
.of this experiment. As noted above, the dominant amplitudes are ¢, = b3 In
addition, the ¢, amplitude remains almost real though there is a change in its
magnitude. There is, however, a large variation in both the magnitude and
direction of ¢,. As has been noted by Kroll et al.,? "surprisingly, the most

interesting structure is in ¢, and ¢, themselves rather than in the combina-
tions Ny and U,", |
Various recent theoretical activities for the scattering amplitudes are
summarized here. It is hoped that the new data will stimulate further work.
The classical Regge description and predictions were in general agreement with
the data.? Wakaizumi et al.® investigated the pp interaction at 6 and 12
GeV/c at all angles using the impact-parameter reptésentation and the eikonal
model. Fits to previous data allowed conclusions on the magnitude of the
short-, medium-, and long=-range components of the spin dependent eikonals.
Semiphenomenological phase-shift analyses7 were performed at 6 GeV/c.
Moravcsik, Goldstein, and coworkers have commented on pp elastic scattering at
6 GeV/c in many articles.®-13 geveral papers deal with the problem of how
best to determine the amplitudes.s’g’14 An extensive amplitude analysis from
|t] = 0.05 to 1.0 (GeV/c)? was also perforned.32!l  Polarization tests of one-
particle-exchange mechanisms were applied to-the 6-GeV/c amplitudes and were

shown to be satisfied, whereas they failed at lower energies.12 Finally, these



authors also try to interpret the results for the 6-GeV/c amplitudes in the
framework of QCD.13

C) pp Elastic Scattering at Large Angles

The spin-correlation parameters at p, > 2 GeV/c are given in measurements

of Cyy (Agy) = (N,N;0,0) and Cp; = (L,L;0,0) at 11.75 GeV/c covering large

15,

c.m. scattering angles. 16 The results are shown in Fig., 2. At e .m, = 90°%,

~ one can obtain the value of Cgg from the relationship, Cyy - CGgg = Cpp = 1.
The parvameters Cyy and Cgg at QC = 90° are expressed in terms of s-chanmel

M.

helicity amplitudes as
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For the data with p; > 2 GeV/c we attempt to test the helicity comservation

amoug the quarksl7 based upon the assumption that the proton spins made from




quarks and quark mass = 0 is the most important one. The helicity conserva-

tion requires that the helicity flip amplitudes must vanish as
9 = <==|++> =0 , and

then Cyy = =Cgg. The experimental data at §, = 90° show that Cyy = 0.57 &
~ 0.08 and Cgg = «0.30 + 0.16. The results imply that we observe approximately
helicity conservation among the quarks. .

The energy dependence of Cyy, Cpp, and Cgg at Sc_m_ = 90° is predicted up
to pyap = 12 GeV/c by viewing the reaction amplitudes in the planar-transverse

frame.18

An asymmetry measurement in pp+ + pp elastic scattering at Brookhaven19
yielded high values (up to ~ +25%) of the polarization parameter at p) > 2

GeV/c. J. Soffer et al. describe the results in terms of soft- and hard-

collision processes.20

D) Cggs» Cpg» and Cpy Measurements at 11.75 GeV/ce

Recently results of varioﬁs spin parameters in the pp elastic scattering
at 11.75 GeV/c were published.21 The measurements of parameters Cgg =
(5,5;0,0) and ¢; g = (L,S;0,0) for ec.m. = 8% - 49°, and of Cp;. = (L,L;0,0) for
8..m. = 8° - 90° were performed as shown in Fig. 3. We note that results of
the spin parameter Cyy = Ayy = (N,N;0,0) were published earlier.,2?

E) Nucleon=Nucleon Scattering at Intermediate Energies and Present S:atus of

Dibaryon-Resonance

1) Introduction

Most of the experimental results in nucleon-nucleon scattering at
intermediate energies are related to "resonant-like’” structures. Here we will

discuss the nucleon-nucleon scattering which impacts on the structures,
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For nearly one decade, an extensive search for dibaryon resonances in the
various reactions in the NN, 7d, yd, and other channels has been made. A sum-
mary on this subject has been described earlierl and here we concentrate on
relatively new data. Many structures were found in the NN system and they
were investigated by means of phase-shift analyses. The results confirmed
Breit=Wigner behavior for some of them. Structures observed in the NN, =d,
and yd channels are not explained by the standard theories, with the exception
of some phenomenological models, and are well explained by adding the dibaryon
admixture to theoretical models.

As evidence for the existence of dibaryons grows, it becomes crucial to
understand the nature of these resonances. Earlier references to theoretical
work (MIT bag model, string model, spring model, #NN and =nnNN dynamics, Deck
model, OPE ;hree-body theory, OBE inelastic-threshold model, coupled-channels

method etec.) were discussed in Ref. 3. Recent references are discussed in




this paper. One nice way to clarify the nature of resonances is to thoroughly
study the isospin-zero channels in the region where there is no A excitatiom.
Structures were seen in the existing AUL(I = 0) data, although these are yet
to be confirmed. We are expecting various experimental data in this channel
in a few years.

We start with discussing structures in the NN channel and compare these
with structures in other channels (md, vd, etc.).

2) I = 1 System

We previously summarized measurements of the difference between the pp
total cross sections for parallel and antiparallel spin states,
Aoy, = glot (¥) - gtot (%) , using a longitudinally polarized beam and
target up to 6.00 GeV/c.l The 2GS data, including the estimated Coulomb-
nuclear (C-N) interference process, of Ref, 3 are shown in Fig. 4. The dip
and peak structures have been interpreted as evidence for the formation of
diproton resonances, Blz (2.14) with a quantum state of 1D2 and Blz (2.22)
with 3F3 state.l We attempted to look for additiomal Aoy structure in the
momen tum reéion higher than those previously found and the results23 obtained

are shown in Fig. 5. The errors shown are purely statistical; systematic

errors are estimated to be 6% of Ag;. We have neglected Coulomb-nuclear

interference effects, which depend on spin-spin correlations. We believe

these effects are small.24 o T T T T — _1
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To study the behavior in terms of the partial scattering amplitudes, the
data on the dimensionless quantity (kZ/Aﬂ) Ag; are plotted in Fig. 6 as a
function of the center-of-mass energy, where k is c.m., momentum. Ac; can be

expressed as
Aoy = (47/k) Tml$,(0) - ¢5(0)] (1)
and the spin-averaged cross section as

glot = (21/k) Inf $,(0) + ¢5(0)1. (2)

When the helicity amplitudes are decomposed into partial waves,
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J+1,J J-1,J

+(J + 1R - 2033 + DIY2RTY, ()

]

In$,(0) % | mi(23 + DR + R
- J

J+1,J J=-1,J

where Ry is the spin-singlet partial-wave with J = L = even, Ryy and RJtl,J
are spin-triplet waves with J = L = odd and J = L ¥ 1 = even, respectively,
~and RY is the mixing term. (Note that R; = (n; eu(s‘J - 1)/4i2k, and similarly
- for triplet waves).

If the bumps in (kzlhﬁ) AGL are considered to be due to resonances, one
of them at 2.75 GeV/c is about mass of 2700 MeV with a width of less than 80
MeV and an elasticity, N, of more than 0.10 for R; assuming J = 0 or for
RJ+1’J as one can see from Eqs. 1, 3, and 4 along with Fig. 6. The mass of
the second bump is about 2900 MeV.

Earlier, structures near 2700 MeV and 2900 MeV were observed in the spin-
spin correlation parameter CLL = (L,L;0,0) in p-p-elastic scattering around
8m. = 90°.2% Also a strong energy dependence including a shoulder around the

2700~MeV mass region has been observed in a plot of K2 Cyy (do/dR), where

Cyy = (N,N;0,0), at 8, = 90°,3
Polarization measurements for p+p + d7t from Tp = 1.0 to 2.3 GeV carried
out at Saclay revealed a structure near Tp % 1.9 GeV (near 2700=MeV mass).26

Recently, structures found in n°d elastic scatteringZ7 in the backward region
were interpreted as the manifestation of the dibaryon resonance with the mass
of 2900 Mev.28 Phenomenological analysis allows us to define quantum number

of Blz (2900) as well as the partial widths of its decay into different

channels. -



-11-

We note that the Cloudy Bag mode129’30 predicts six-quark state
resonances, and in particular an s-wave state near 2700-~MeV mass with ~ 50 MeV
width29 may be consistent with the new structure.

it is highly desirable to measure both Aoy and Acp in this mass region
with smaller emergy steps (= 20 MeV).

3) Preliminary Results ggg_§31(§2{3§nqﬁqﬁt(n )

Measurements of the difference between isoscalar nucleon-nucleon total
cross sections for pure longitudinal initial spin states, Aot(pd), were
performed using a polarized proton beam and a polarized deuteron target.31
One can extract Ag; (I = 0) data using both Ag; (pd) and Ag; (pp) as shown in
Fig. 7. A significant structure is observed around 1.5 GeV/c. From the dis-
persion analysis of a forward 1 = 0 scattering amplitude using the data on

AUL(I = (), Grein and krall3? showed that the Argand plot of the amplitude has

a resonance-like behavior around 1.5 GeV/c.
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The polarization parameters of the pn elastic scattering were measured at
KEK covering beam momenta from 1.30 to 1.82 GeV/c.33 The data are consistent.
with earlier predictions of the resonmant-like behavior in singlet state 1F3
(2190).3“ Measurements of many other parameters are obviously needed for the
I = 0 phase-shift analyses.

An extensive study35

on the I = 0 system is being undertaken at LAMPF
(Los Alamos) using polarized neutron beams.>® A longitudinally polarized
neutron beam is produced at forward angles when a longitudinally polarized
proton beam strikes a deuteron target. In the energy interval of 500 to 800
MeV polarization value is ~ 50%. The measurements include n-p elastic-
scattering observables Cgg, Cpg, Cpj etc. of a wide angular range at energies
of 500, 650, and 800 MeV. Preliminary data shws that predictions from
presently available np phase-shift solutions are rather good. The total cross
section measurements with spin will also be performed. We expect the
experimeﬁtal results will clarify the structure in I = Q system.

We note that the np total cross-section data show o evidence for narrow

resonances in a mass range below 2.23 GeV.37
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II) The Present Status of the Fermilab Polarized Beams

A) Introduction

During the last decade, construction of a high-energy (above 100 GeV/c)
polarized beam has been attempted. In order to avoid possible complicatioms
involving depolarization at high energies, polarized protons are produced from
decaying lambdas. The Fermilab polarized~beam facility is expected to be
operational within the next several months.

B) Construction of Polarized Beam

We review the earlier design of the polarized-proton beam at CERN.l The
idea then was to select high-momentum protons which were forward decaying,
around ec.m_ = 0°, from lambdas near the highest momentum point of the lambda
production spectrum. These protons were longitudinally polarized. However, this
method could not be applied.to either low-momentum protons produced using l=TeV
incident protons or antiprotons since antilambdas are produced at much lower
momenta than the incident momentum of protons striking a production target.

It has been shown that we can select protons or antiprotons which are
decaying around Oc.m. = 90°.%2 We show how this scheme works.

The polarization of protons and antiprotons comes from parity violating

decays of lambdas and antilambdas respectively, and the measured polarizatiom

was 64%.3 The spin direction in the antilambda center-of-mass frame (decay

frame) is shown in Fig. l.

80° |
{} Figure 1 Spin direction of anti-
protons vs. decay angles. The spin
- = —= direction is indicated by
180° = o°
1} % and 44 symbols.
-goel
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We note that spin direction is almost unchanged in transforming from the
lambda decay frame to the laboratory. Therefore protons and antiprotons with

= 0° and 180° are longitudinally polarized (f) while those with @ =

9 C.M.

C. M.
90° are transversely polarized (¥ or §) in the laboratory. Since protons and
antiprotons with 6, . = 0° and 180° move in the same direction (lab decay
angle = 0°) in the laboratory, there are no longitudinally polarizgd beams at
.momenta which are much less than the incident proton momentum.

Protons with 0, . = 90° and -90° have the opposite laboratory decay
angles which are not zero. They can be distinguished from those decaying at
Oc.m. = 0° from lambda with the production target as the source of the beam.

Virtual sources for |9 = 90° particles are illustrated in Fig. 2. The

c.m.l
spin direction, ¥ or §, should be chosen using the field direction of the
bending magnet, so that the spin direction is parallel to the field. The
polarized beam line (up to 200 GeV/c) at Fermilab is shown in Fig. 3. Here we
produce the g type beam before reacﬁing the snake magnets. The estimated

intensities of polarized beams with a beam polarization of 457 produced by

400-GeV/c and 1000-GeV/c incident protons are shown in Fig. 4.

Virtual! Sources

Figure 2 Virtual Sources
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The very first measurement we need to carry out is to determine the

polarization of the polarized beams. We describe two polarimeters currently .

being installed in the experimental hall.

L)

2)

Coulomb-Nuclear Polarimeter

This is to measure the interference term of the non-flip amplitude
and the electromagnetic spin-flip amplitude. The proton polarization
arising from the interference is P ™ 5% at [t| - 2 * 1073 (Gev/c)? and is
energy independent.

Primakoff-Effect Polarimeter

This is to apply the results of the low-energy processes, which are
related to the low-momenta high energy reactions. The diffractive
dissociation of incoming proton into (7N) system by the Coulomb field4 of
nuclei stems the most promising channel as proposed by Underwood.5 This
scheme is shown in Fig. 5. The process pA * pAT®° can be related via the
Primakoff effect to low-energy photoproduction, i.e,, yp * m°p. The

amplitud% ¥ for diffractive production from a nucleus with charge Z and

atomic number A can be written as:

2
2 2M
2 Z a A d
[ 1¥]7 a6 = 2= =) (A 33 Lo
PL Smp =™y Yo > 7p

where A is the photoproduction asymmetry at the given value of P,
and Spe Asymmetries at the Yp kinetic energy of 600 MeV are as

large as 60%.

Figure 5

Primakoff Effect
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c) Experimental Program

Experiment 704, the Integrated Proposal on First Round Expermients with .
the Polarized Beam Facility, constitutes a proposal to simultaneously perform
substantial parts of previously proposed Experimetns 674 (Asymmetries in
Inclusive Pion and Kaon Production at Large x with a Polarized Beam), 676 (An
Experiment to Measure AaL in p-p and P-p Scattering Between 100 and 500 GeV),
677 (To Study the Spin Dependence in the Inclusive Prodﬁction of Lamhda
Particles with the Polarized Beam), and 678 (Proposal to Study the Spin
Effects in Inclusive m° and Direct Gamma Productiom at High-pl with the
Polarized Beam Facility).

Experimenters involved in these measurements are from Argonne National
Laboratory, Fermilab, Kyoto University (Japan), LAPP (Annecy, France), Los
Alamos National Laboratory, Northwestern University, Rice University, CEN
Saclay (France), IHEP-Serpukhov (USSR), University of Texas, and Trieste
(1taly).

The integrated proposal is for a 200-GeV/c conventional magnet beam
line. We will carry out the following measurements:

1) AUL(pp) and AUL(‘p_p)

We intend to explore the spin dependence of the interactions in a giobal
way using a straightforward experiment which will measure the difference in pp
and Eb total cross sections between the states with heliciﬁies of target abd

beam parallel and antiparallel., Experience shows that accuracy of + 100
microbarns can easily be achieved.
2)  p'p > me, wt, ne, 3o

We will simultaneousiy study the inclusive production of neutral pions

around xp ¥ 0 at large p, and of A%, I° at large x., Interpretation of the

polarization of A° produced inclusively (pp + A°+x, Kp + A°+x) has given rise
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to extensive discussion about the origin of this polarization. We expect that
information of spin transfer from initial to final state in this reaction will
enlighten the debate.

The major detectors for this experiment are: two gamma spectrometers
with 500 lead-glass cells each will be used to detect Y's from m° decay. The
magnetic spectrometer with proportiomnal and drift-chamber systems and with a
Cerenkov counter is to detect ¥, A°, and Z°

The technique for measuring single spin measurements in hadrom production
is considerably improved over the previous experimzut since the polarized beam
allows the use of a liquid hydrogen target.

Pending proposals using the polarized-beam facility are:

#682 Study of the P, Dependence of ﬁt Inclusive Production with a
Polarized Proton Beam and Target

1688 Nuclear=-Size Dependence of Single=Spin Asymmetries in High-pl
Hadron Production

#699 Study of Spin-Dependent Asymmetries Using Calorimeter Triggered

High-p, Events with Polarized Beam and Polarized Target.
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