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Abstract

Nurushev S.B. Survey of Experimental Data on High Energy Spin Physics: IHEP
Preprint 97-76. — Protvino, 1997. — p. 10, refs.: 25.

The recent experimental data on High Energy Spin Physics are reviewed. The direct mea-
surement of leptonic coupling asymmetries with polarized Z-bosonz, polarization and forward-
backward asymmetries in hadronic Z decays, the first data on g-2 experiment at BNL, the
unexpected behaviour of the spin structure function g;(z) at small x, the attempts to extract
the high twist contributions from spin structure function go(z), the observation of transversal
handedness in the diffractive production of pion triples, the report on the discovery of the sig-
nificant A polarization in pp-collisions at 27 GeV, and other fresh news on spin physics are
discussed. The brief survey of the proposed polarization programs at the different High Energy
Research Centers is included too.
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IlaeTcst 0630p HOBEHIIINX SKCIEPUMEHTAIIBHBIX MAHHBIX TI0 CIIMHOBOW (U3WKE BHICOKUX DHED-
ruii.  O6CyXIOAar0TCs MaHHBIE IO MPSIMOMY W3MEPEHUIO JIEMTOHHLIX ACUMMETPUIl B pacrame
MIOJIIPU30BAHHOTO Z-6030Ha, MOSIPU3AINA W aCUMMETPHUI BIEpEO-Ha3ad B aIPOHHOM pPacrame
7Z-6030Ha, TepBhle maHHBIE O g-2 skcrmepuMenTy B BHJI, HeoxwmmamnHoe mOBemeHWE CIMHOBOMN
CTPYKTYPHOI (yHKIMK ¢;(Z) OpU MAJBIX ¥, MONBITKA W3BJIeYb BKJIAAbI BLICOKAX TBUCTOB U3
CIIMHOBOI CTPYKTYPHOII GyHKUUM o), HAGIIIONEHNE TonepevHoll “pykacroctu” B aubdpaxim-
OHHOM 00pa30BaHWM MUOHHLIX TPUILIETOB, COOOIIEHNE 00 OOHAPYKEHNN 3HAUUTEIHHON IOJISIpU-
sammu A B pp-B3amMoneiicTBun npu 27 I'sB m mpyrume HoBOCTH IO CrmHOBO# (usumke. B 0630p
BKJ/IIOUEH TaKXe IMEPEUYEHDb MPEMIIOKEHHBIX B PA3HBIX HAYIHO-UCCIIEIOBATENHLCKUX IEHTPAX IO
(pu3rKe BBICOKUX HSHEPIUN MOJISIPU3AMUOHHBIX IPOTPAMM.
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Introduction

Several interesting pieces of news relevant to the spin physics news have been recently
published. A brief discussion is given with the reference for details to the recent review

paper [1].

1. The Polarization as a Precision Tool
for Measuring the Electroweak Parameters

The SLD detector at SLC continues to collect the Z bosons, produced in collisions of
polarized e~ beam with unpolarized e™ one. The polarization leads to the left-right cross
section asymmetry A, allowing one to extract the initial state coupling. It also enables
to extract the final state coupling for lepton 1, A;, directly using the polarized forward-
backward asymmetry. The beam polarization improves the statistical precision on the final
state parameter by a factor of about 25 compared to the unpolarized case. After analyzing
10° Z’s, a data sample of 12063 leptonic Z decay was selected. The results for the leptonic
coupling asymmetries are [2]: A. = 0.152+0.012(stat) £0.001(syst), A, = 0.102+£0.034+
0.002 and A, = 0.19540.03440.003. These results are consistent with lepton universality
and the combined results from the four LEP experiments: A, = 0.1461 £+ 0.0059, A, =
0.1476 + 0.0132, and A, = 0.1463 £ 0.0062. Assuming the lepton universality, the SLD
data can be averaged and give A, = 0.1514+0.011. In the context of the Standard Model
this observable is simply related to the electroweak mixing angle and gives sz’n2@f,{;f ler —
0.2310 4+ 0.0014. This number is consistent with the published data.

Polarization and forward-backward asymmetry of A baryons in hadronic Z decay were
measured by the OPAL Collaboration using a sample of 4.34 million hadronics Z de-
cays [3]. Since the weak interaction violates a parity, the fermions produced in Z decay
have a longitudinal polarization. Though the quark polarization is large, it is not mea-
surable directly. Therefore, the stage of quark hadronization becomes very important
for transferring the polarization to the observed hadrons, like A, whose polarization can



be easily measured. Moreover, in the absence of beam polarization, the quarks have
no transverse polarization component and any observed transverse polarization can only
arise during the hadronization phase. Since there are several sources of A production to
estimate the polarization in each of these cases, the following assumptions are made:

e In a simple quark model the spin of the A comes completely from the spin of the
s-quark. Therefore, a directly produced A should be polarized in the same way as
the primary s-quark (-91% polarization).

e A can be decay products of heavier baryons which contain the primary s quark.
These A can inherit some fraction of parent’s polarization. Estimates are given for
the ¥°, ==, ¥*(1385), and Z(1530).

e If a A contains a primary u or d quark, those quarks do not transfer any spin
information.

e Quarks produced in the fragmentation process are expected to have no longitudinal
polarization and consequently do not bring any spin information to the final A.

In the experiment the significant longitudinal polarization has been measured at xp =
2E\/\/s > 0.3 : Py = —32.9 + 5.5(stat) £ 5.2(syst)%. It is shown that A and A are
equally polarized: for zg > 0.3 Py = —33.4 + 7.8%, Py = —32.3 + 7.9%. No transverse
polarization was found.

Several conclusions become obvious from these data. First, a significant part of quark
longitudinal polarization transfers to the final A. Second, the quark and antiquark are
equally polarized according to the SM model and this prediction is proved by equality Py =
Pj3. Third, there is no transverse polarization transferred to A during the hadronization
process.

The forward/backward asymmetry for zx > 0.15 was measured: App = 4.7 + 0.8%,
which is consistent with ALEPH result App = 4.5 & 0.53%, while for xp > 0.3 App =
8.3 &+ 1.3%, which can be compared with ALEPH: Arp = 8.5 £+ 1.2% and DELPHI:
App = 8.5 £3.9% for 0.25 < z = pa/Pream- All these data confirm with high precisions
the prediction of the SM.

A very deep insight into the structure of a muon can be gained by using the po-
larized muon and measuring the anomalous magnetic moment, a,. In the standard
model it consists of three parts: 1) the quantum electrodynamic contribution, affED =
116584705.7(1.9) - 10~'1(+0.016pprn), 2) the hadronic contribution, al® = 6828(98) -
10711 (40.84ppm), and 3) the electroweak contribution, a¥*** = 151(4)-10~* (£0.03ppm).
A full theoretical value of the anomalous magnetic moment of muon from the standard
model is a sum of all three terms and equals a,, = 116591685(97) - 10~ (£0.84ppm). The
new experimental data can essentially reduce the uncertainty of aﬁ“d. A very promising
experiment, namely, the g-2 experiment E821 at AGS, was under intense development
last 10 years and came into operation recently with a successfull checkout and initial 3
months data-taking run. The preliminary results of this experiment have been recently
published [4]. More than 20 - 10° decay positrons with the energy greater than 1.3 GeV
have been detected, which corresponded to the statistical precision of ~ 1075 on a,. This
precision is similar to that of the recent CERN experiment. It is worthwhile reminding



that the E821 experiment aims to improve this precision by a factor of 20. After reaching
the expected precision of order 0.35 ppm the electroweak contribution of 1.3 ppm, which
arises from virtual processes involving the Z and W vector bosons, should be observed.

A rather large, transversal to the production plane, handedness was measured in
coherent production of (7~ 77 ™) triples by 40 GeV 7~ beam on nuclei [5]. About 10,000
events were analyzed for each of the following nuclear targets: Be, Si, and Pb. With no
cut applied the results for handedness transversal to the production plane of the triple
were as follows: HE¢ = 10.0+1.0%, H7t = 7.1 +£1.0%, HE? = 6.5+ 1.0%. For transversal
handedness in the production plane the result is: HES = —0.6 &+ 1.0%, while for the
longitudinal handedness (along the velocity of triple) the result is: HES = 0.0 + 1.0%.
Looking at these results, one can conclude that rather large handedness transversal to
the production plane was observed in the diffractive production of (7~7+7 ™) triple in the
40 GeV 7~ beam fragmentation region. Other components of handedness are compatible
with zero. The authors are planning to continue such study using richer statistics.

2. The Spin Structure Functions

The latest results on the spin-dependent structure functions of proton, deuteron and
neutron were published by the SMC [6], HERMES [7] and SLAC E154 [8]. Next-to-
leading order (NLO) analyses of these data were made in [9] and [10] and the following
conclusions were reached:

e The Bjorken Sum Rule (BSR) is correct at a level of 1o.

e The Ellis-Jaffe Sum Rule (EJSR) is violated by more than 20.

e The first moment of the quark singlet distribution AY = 0.45+0.04(exp) £0.08(th)
is within 1o of the quark model expectation. U(1) axial anomaly explains the rest
of spin.

e The first moment of the gluon distribution Ag(Q* = 1) = 0.10£0.05(exp) £0.8(th).
Since the gluon contribution becomes dominant at low x it is very crucial to extend
the spin structure measurements to the region z < 1073,

e The first moments of the valence quark distributions are determined well, but the
moments of the sea quark and gluon distributions are only qualitatively constrained.

e The structure function ¢ (z, Q?) must change sign and become negative. At present
xp; region measured is positive. Therefore, the measurements at the smaller zp;
become very important.

The next spin-dependent structure function measured is the go(x), probing a combi-
nation of transverse and longitudinal parton polarization distributions inside the nucleon.
It is measured by scattering the longitudinally polarized lepton on transversally polar-
ized nucleon. This function is made up of three components: a leading twist-2 part,
gW(x,Q?), coming from the same set of operators that contribute to g;(x), another
twist-2 term coming from the actual quark transverse polarization distribution, and a
twist-3 part coming from quark-gluon interactions. The SMC result on the measurement
of the spin structure function ¢5(z) is compatible with zero in the whole measured range



of x. Confronting this result with the theoretical calculation one can conclude, that the
leading twist 2, g5'"(x,Q?), describes well the g5 data within experimental precision,
and that the twist 3 contribution may be neglected. ¢5(x) was measured also by E143
Collaboration [11]. The asymmetries coming from two spectrometers installed at the lab.
angles of 4.5 and 7° are much below the positivity limit and consistent with the assump-
tion that the transverse spin structure function, g5 (z), though is small, but takes positive
values at z < 0.1 and becomes negative at x > 0.1. Such behaviour corresponds to the
twist-2 gV calculation for the kinematics of this experiment. The large experimental
error bars do not exclude a possible twist-3 contribution of the same order. The authors
made an estimate for the Burkhardt-Cottingham sum rule (BCSR). For proton this in-
tegral is [} 45 g5(x)dz = —0.013 4 0.028 and for deuteron [ o3 g4(x)dz = —0.033 & 0.082
being consistent with zero, that is with the BCSR.

The important issue in the spin dependent deep inelastic scattering(DIS) is a way of
separation of different flavor contributions to the nucleon spin. The SMC experiment
furnished the first data on this subject by measuring the semi-inclusive production of
charged hadrons (the experiment was not instrumented by the final hadron identification
system) [12]. The up valence quarks are positively polarized (along the initial proton
spin) over the whole measured zp; region, while the down valence quarks are polarized
oppositely to the proton spin. For the first moments the following values were obtained:
Au, = 0.85 +£0.14 £ 0.12, Ad, = —0.58 £ 0.16 £ 0.11, and Ag = 0.02 £ 0.06 £ 0.03,
where At = Ad = Ag was assumed. The HERMES experiment is able to identify the
final hadrons in semi-inclusive measurements and their first results seem compatible with
SMC data [13].

There is an interesting suggestion to use the Bjorken sum rule for precise determination
of the running strong coupling constant «,(Q?) [14] instead of checking it. From the
combined result for the BSR

' —T7 =0.164 £ 0.011,

it was extracted
as(M3z) = 0.11675003

which can be compared with the world average
as(M2) = 0.117 £ 0.005.

One expects much better accuracy from future experimental data on the spin structure
function measurements, opening a new way for the determination of the running strong
coupling constant through the use of Bjorken sum rule.

3. The Anti-Lambda Hyperon Polarization

Experiment E766 at BNL published very exciting data on the inclusive A polariza-
tion [15]. Approximately 3 - 10® inclusive pp-events were collected in this experiment at



initial momentum of 27.5 GeV/c. After selection 1.5 - 107 inclusive A’s and 0.8 - 106A’s
were reconstructed. First of all the A polarization was checked by comparing it with the
published data. It was good. Then the fake asymmetry was studied by reconstructing
the ” K polarization” which was zero as it must be. Finally the A polarization was in-
vestigated for two different kinematical regions: xr > 0 and xr < 0. In the first case the
zero polarization was measured in function of transverse momentum of A. In the second
case the essential polarization versus pr was discovered. The A-hyperon is polarized and
its magnitude is the same or bigger than for A!l. This is against a common belief, that
just A inclusively produced on the different nuclear targets and on the various beams is
not polarized. Therefore, we must revise our point of view or something is contradictory
in experiments. The E766 Collaboration promoted the idea, that in the previous mea-
surements all A’s practically came up from zp ~ 0 region, where we have two different
normals to the production plane depending which of two protons we take as a parent
one. Since the protons in initial state are identical we have no chance to separate which
proton produced the final A and therefore we have a zero polarization. In the case of E766
experiment only those A’s are polarized which are from 2z < 0 region. This assumption
must be checked by experiments in order to clearly make a statement that A is polarized
as well as A. This is a very crucial statement specially for some theoretical models.

4. The Single-Spin Asymmetry in Inclusive Hadron Productions

The preliminary data on the raw asymmetry in the inclusive 7° production in the
collision of the unpolarized proton beam of 70 GeV and the proton polarized target
were presented at this Workshop [16]. The set-up PROZA subtending the central, beam
and target fragmentation regions was able to detect for the first time the essential raw
asymmetry in the polarized target fragmentation region, while the single spin asymmetry
was compatible with zero in the central and the unpolarized beam fragmentation region.
The xp dependence of raw asymmetry resembles the one discovered by E704 experiment
at 200 GeV/c polarized proton beam fragmentation region. Such effect (assuming no
energy dependence) is obvious since the initial pp state is identical and the asymmetry
should be revealed only in the direction of the polarized proton. It is important to finish
this analysis in order to check the above statement since if this statement is true, one gets
a firm basis for the inclusive neutral pion polarimeter in the energy range of the RHIC.

5. The Spin Dependent Total Cross-Sections

The measurements of the difference of the total pp- and pp-cross-sections in pure lon-
gitudinal spin states Aoy, at 200 GeV were published recently by E-704 Collaboration [17].
Previous measurements of this observable were limited by 12 GeV for pp collisions and no
measurements have ever been made of Aoy (pp). The goal of such measurement is three-
fold. The first is to reconstruct directly the elastic scattering amplitudes in a forward
direction. As is well known, there are three amplitudes at zero angle elastic scattering



and their imaginary parts are defined by measuring the total cross-sections o, Aoy, and
Aot [18]. The real parts of these amplitudes can be determined by measuring the corre-
sponding observables in the region of Coulomb- Nuclear Interference(CNI) or by using the
dispersion relations. But such program was never realized at any high energy measure-
ment, though 200 GeV data are more advanced in this direction. The second goal is to test
the theoretical models. The third one is to get a hint to the possible contribution of spin
dependent interactions to the rise of total cross-section at high Energy. There is only one
theoretical estimate for Aoy (pp) made in [19]. Applying the simple arguments based on
quark interaction additivity, SU(6), helicity conservation, and assuming that the Aoy (pp)
is small, the author predicted a sizable Ao (pp) ~ 2mb at pip = 200 GeV/c. The experi-
mental magnitude of Aoy (pp) is [—254 £ 124(stat) + 107(syst)|ub and much less than the
theoretical estimate. It means that some important ingredients were missed in the model.
At the same time the Aoy (pp) is expected to be of order of ub in the jet production model
[20] which is compatible with the experimental value of [—40 + 48(stat) + 52(syst)|ub.
According to [21], [22], applying the Regge cut model, one gets the following energy
dependence for the Aor(pp) (the same is true for Ao (pp))

s
Aor(pp) =al - (Ins)5

Here parameter A means the excess of the pomeron intercept over 1 at -t=0. By the
way, this very parameter is responsible for the rise of the unpolarized total cross section
at high energy [23]. The analysis made in [24] showed that this function described the
experimental data on the Aoy and Aoy rather well. At the measured range of energy
the spin dependent cross-sections continue to decrease from several mb around 5 GeV/c
to 0.1 mb around 200 GeV /c. Such tendency might be changed in the case if the Regge
cut with super pomeron plays a main role at higher energies. Then spin contribution
may grow also, due to the parameter A. The experiments at RHIC and LHC with high
precisions (the expected value of spin dependent cross section is of order ~ 1ub) may be
able to answer to question of the role of spin in the total cross section growth.

6. Future Experiments

There are several directions in which the future experiments are aligned. The first
group includes the experiments aimed at measuring the gluon spin function, AG. The
second group plans to decompose the quark flavor contribution to nucleon spin plus test
the SU; symmetry. The third group of experiments will be devoted to the study of the
small xp; behaviour of the spin structure functions. They are listed below (borrowed
partially from paper [25]):

e E155 at SLAC : measurement of the spin structure functions g; (z, @?), and g»(z, Q?)
for proton and deuteron. Initial polarized electron beam energy of 45 GeV, beam
polarization, Pg = 70%; polarized target: NHs and LiD. The experiment will test




the sum rules, Q%- dependence of spin stucture functions and the possible contri-
bution of the twist-3 term. The proton data from additional spectrometer at 10.5°
will be furnished.

E156 at SLAC : open charm and J/1 photoproduction asymmetries at 10 energies
in the interval 16-45 GeV will be measured. The corresponding measurable range
is 0.1 < z¢ < 0.4. The decay mode ¢ — pu, (24%) will be detected for high pr
(pr > 0.5 GeV/c and p, > 3 GeV/c) events. The statistical error in double spin
asymmetry (for 4 months run) will be in range 0.008-0.03 depending on the initial
photon energy and the reachable precision in the AG will be in range 0.01-0.06. The
systematic errors are expected to be in total of order 6% and will come from the
beam and target polarization accuracy and the precision of the dilution factor. The
main backgrounds are expected from the 7, K decays and Bethe-Heitler process.
In theory the LO calculation is available and the NLO calculations are in progress.
Time scale for the beginning of data taking is 1999-2000.

COMPASS at CERN: the experiment will measure the open charm production
asymmetry in polarized muon beam of energy between 90-200 GeV with the beam
polarization of order 80% and intensity 2-10® per spill. The processes under study
will be: 4N — p+cé, where ¢ — D° — K~ nt(4% BR), as well as D** — ntDe.
Kinematical range corresponds to the quasi-real photons with Q% ~ 0.35 < v < 85
and 0.06 < g < 0.35. The events around D° mass will be selected. Combinatorial
background from K/m presents an experimental problem giving a background to
signal ratio ~ 4. The open charm asymmetry precision for full data is expected to
be 0.05 which results in the 6AG/G = 0.10. The systematical errors are expected
mostly from beam and target polarization measurements and will be around +4%.
At present the theoretical calculation at the LO level is available, NLO calculation
is in progress. The quark mass uncertainty might be the main source of theoretical
error in calculations. COMPASS is scheduled to start after the year 2000.

Apollon HERA: this experiment will study the double spin asymmetry in the J/v
photoproduction at £, < 18 GeV beam produced by the backscattered laser beam.
The narrow region of gluon production, 0.3 < zg < 0.5, will be accessible. The
expected statistical precision in the J /¢ asymmetry is 0.05 (for one year run), which
allows one to get a precision in the gluon spin structure function 6(AG/G) = 0.15.
There is Draft of Proposal and an experiment (if approved) will start in the year
2000.

Polarized HERA : it is assumed that both electron and proton beams are polarized.
The polarized electron beam of 27.5 GeV already exists, so the technical problem
must be solved for the acceleration and storage of the polarized proton beam of 820
GeV and also for its polarimetry. There are two directions under discussion: a) a
study of g7 (x) function in the inclusive DIS for a wide x-Q? range (5.5-107° <z <
1, 1.8 < Q? < 1.8 -10*). This is a direct continuation of the programs fulfilled at
SLAC and CERN at lower energies and in narrower kinematical range. An attractive
feature of this program is a strong theoretical justification and the availability of
the two big detectors, H1 and ZEUS. The following requirements will be imposed




on the useful events: v > 0.01,0, > 3°,Q? > 1GeV? E. > 5 GeV. The expected
statistical error on asymmetry is 64 = 1073 to 0.1 at luminosity L=200 pb—!. This
gives a precision on AG/G = 25%; b) exclusive two jets production. This proceses
is dominated by the photon-gluon fusion (80-90%). The measurable range is: 5<
Q? < 100 GeV?, V/5ij > 10 GeV, 0.0015 < z¢ < 0.3 (z¢ is directly measurable over
a wide kinematical region). For luminosity L=500 pb~!, the expected precisions in
asymmetry measurements are of order 0.2 — 1% resulting in JAG/G = 0.007 — 0.1.

e HERA-N , DESY: this will be a fixed target experiment using the internal polarized
jet target and a circulating polarized proton beam of 820 GeV. The preferable
processes for the determination of the polarized gluon density will be: p + N —
v + jet and p+ N = J /1 +jet. The asymmetries will be measured in the range
2 < pr <8 GeV/e, —1.5 < n < +1.5. At luminosity L=240 pb~! the accuracy
JA = 0.003 — 0.05 will be reached leading to the precision 0AG/G = 0.03 — 0.4.
The experiment needs a new HERA-B type detector. Time schedule for all HERA
experiments will be beyond the year 2003.

e RHIC, BNL : this experiment has a broad spin program. We stress here the mea-
surements with direct gammas plus jet production (STAR) allowing one to recon-
struct the gluon spin distribution. A direct photon will be detected by the cen-
tral electromagnetic barrel, while the jet will be identified by using information
from TPC and electromagnetic calorimeter together. The measurable region is
0.03 < z < 0.4 and expected precision will be of order JAG/G = 0.01 — 0.3. Time
schedule is the year 2000.

Conclusions

The experimental program on the High Energy Spin Physics makes an outstanding
progress. The experiment SLD at SLC demonstrates the powerfulness of applying the
polarized electron beam to a precise measurement of SM parameters. The excellent re-
sults were obtained in measuring the spin structure functions with high precisions which
allowed one to make a thorough test of sum rules. The same data were used for precise
determination of the running coupling constant. Though a lot of data were gathered, the
problem seems to be far away from a final solution, specially as it concerns the small zp;
region, the gluon and sea quark polarizations and a role played by orbital momentum.
Therefore, new experiments with better precisions and in a wide kinematical region are
needed on this subject. The hyperon polarization representing an important discovery in
High Energy Spin Physics deserves more serious efforts in order to understand its energy,
pr, zr and flavour dependences, as well as a spin transfer mechanism. The recent data of
BNL experiment E766 on the big A polarization (of the same order as for A) requires ana-
lyzing attentively the previous A- polarization measurements and theoretical models used
for analyses of hyperon polarizations. It is good news that several spin programs were
approved at SLAC, HERA, CERN, RHIC for such study. Therefore, we may conclude
that the High Energy Spin Physics has a nice prospect.
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