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ABSTRACT

Preliminary results of‘the measurement of the reaction
Tr—p+ > ﬂ+n_n at 17.2 GeV are presented. Strong nucleon
polarization effects are observed in the low |t| range where
one pion exchange was supposed to dominate. They are due to
the presence of s-channel nucleon spin nonflip amplitudes
for unnatural parity exchange which correspond to the exchange
of an object with the quantum numbers of the A,.

A model independent amplitude analysis on the data is
performed and the results are compared with a model fit to
the data adding A, and A, exchange to the "poor man's

absorption " model.
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INTRODUCTION

The reaction w_p -+ ﬂ+n_n has been measured quite precisely
alreadgy on pure hydrogen targets in several high statistics
experiments!’?). Data from these experiments have been widely
used for the study of m-m scattering?®’*’®) and for the study
of resonance production®’7?) in general. Thedretical assumptions
had to be introduced in these analyses as no nucleon polarization
measurements existed at that time. An absence of A,-type
exchange was assumed in all these analyses. Here we mean
that the s-channel helicity amplitudes were supposed to be
purely of spin flip type for the unnatural parity exchange.

The present experiment was carried out to test these
assumptions and more generally to allow a model independent
amplitude analysis of the reaction. The preliminary results
described in this report show strong nucleon polarization effects
at low four-momentum transfer. This clearly demonstrates the
presence of amplitudes.corresponding to the exchange of an
object with the quantum numbers of the A;.

' In the following we start with some definitions of kinematic
variables, amplitudes and moments of the angular distribution
allowing later on a clear presentation of our results. A short
paragraph deals with apparatus, measurement and method of data
reconstruction. After presenting some features of the raw data
sample we show the moments of the angular‘distribution and
determine the transversity amplitudes from our data in the o

mass region.

DEFINITIONS, MOMENTS AND AMPLITUDES

At fixed beam momentum the reaction is completely defined
by 5 variables (fig.1). These are m o the mass of the pion
pair, t the four momentum transfer to the nucleon, y the angle
between the normal to the production plane and the (transverse)
proton polarization P, and 6,¢ the decay angles of the m  in the
nt1” rest system (s or t channel helicity frame).

Due to parity conservation (and spin % of the nucleus)

the angular distribution (fixed s,t,m ) is of the general

form
I(y,cos6,4) = I,(cosb,¢) + PcosyI, (cos8,d) + PsinyI, (cos6,¢)




with I,,I, symmetric; I, antisymmetric in ¢.
Consequently the angular dlstrlbutlon can be represented by
its moments <Re Y (Q)>,<cosyRe Y (Q)> and <sinyIm Y (Q)>.

A complete description of the reaction is given by the set
of helicity amplitudes <jmy]|T]|A>

m+1

N = <jm, 4] T]+> = (1) <5, om, -] ]

F% = <j,m,+|T|=> = (-1)"<j,-m,~|T|+>

k!

(j,m angular momentum state of the m pair, x,A helicities of
neutron and proton). Alternately one uses combinations of
amplitudes

u_j 1 j m _j j j
n, = — Ny =(=1)7N_ ) for m # O n) = nJ
N _j 1 j m_..Jj
nd = —— (N2 +(-1)"en] )
mo,gz m m

(similar equations for spin flip amplitudes) corresponding to
unnatural and natural spin parity exchange.

These amplitudes cannot be determined uniquely by the
experiment - for this purpose a measurement of the neutron

polarization would be necessary - however two sets of nucleon
transversity amplitudes g and h

; NG o_ 1 N, 3

gl = L-(Und 4 1 Vel gl = L-("nd - 1 Mgl
/2 V2

2 s s N 5 1 A . N 3

Upd = _l_(un% -1 uf;) h% = ———( n% + i fé)

can be determined.

An illustration of these properties (which hold for
arbitrary mm spin combinations) can be seen from Table 1,

where the moments of thevangular distribution are given in terms

of amplitudes for the case of S- and P-waves only. It is
valid for both s and t channel:amplitudes as long as the

o




nucleon helicities are defined in the s-channel system. No
products of g and h appear in the table, therefore the
relative phase between the sets of g and h amplitudes is

not measured.

APPARATUS, MEASUREMENT, DATA RECONSTRUCTION AND STATISTICS

The experiment was done with the CERN-Munich spectrometer
at the CERN PS (fig.2). A butanol target (length = 10 cm,
# = 2 cm, average polarization 68%) inside of a 25 kG
homogeneous field replaced the hydrogen target used in our
earlier experiment!). The butanol target could be replaced
by a hydrogen target of identical shape in order to study
background problems and for cross section normalization
studies. A tungsten scintillator shower counter system
between the pole faces of the target magnet suppressed back-
ground from events with addditional 7°%'s or charged particles.
Proportional chambers directly in front and behind the target

in the magnetic field allowed a good vertex determination.
An array of 36 scintillation counters mounted parallel to the

beam direction around the target was used to measure the
angle of the recoil proton in the elastic scattering calibration
runs. A beam spectrometer allowed determination of momentum

and direction of the incident particle.

The rest of the spectrometer as well as the trigger were
essentially identical to that of the earlier experiment!).

‘The presence of Carbon and Oxygen in Butanol (C,H,0H) leads
to some problems in this experiment where the outgoing neutron
remains undetected and a separation of events off hydrogen
(as done in four constraint reactions) is not possible. (The
widening of the missing mass distribution due to the Fermi
motion is negligible compared to the missing mass resolution).
We therefore measure in this experiment only the polarization
dependent part of the cross section dddt<cosze Yz> and
dggt<sinwlm Y£> since the unpolarized Carbon does not contribute

to it. For the amplitude analysis the result of this experiment




is combined with the results of the hydrogen experiment taken
at the same beam energy of 17.2 GeV.

We emphasize that the moments <cosyRe Yi> and <sin¢im Y§>
could be determined already with one direction of the proton
polarization since our apparatus covers a large solid angle.
Moreover the results for both polarization directions are
consistent (changing of polarization was done once a day by
a small change of the klystron frequency only, leaving the
spectrometer, and therefore its acceptance unchanged). The
final acceptance corrected moments were averaged for the two
polarization directions. |

The method of acceptance correction was a generalization
of the "method of moments" described in ref.!).

A total of 1.0+10¢® n'n n events off butanol with
MM2? < 1.3 GeV? have been obtained. Roughly one third of
these events are off hydrogen (with 68% polarization).  Taking
into account the unpolarized background the experiment is
statistically eqaivalent to a hypothetical experiment with
60 000 events on pure 100% polarized protons (compared to
300 000 events in our previous hydrogen experiment!).

RAW DATA SPECTRA

The missing mass spectra of events from butanol (calculated
under the assumption that the process occurs on hydrogen at

rest) show a significant enhancement in the MM?2 above the
neutron peak (fig.3). This enhancement is not seen in events on

the hydrogen target (taken in the same experiment under identical
conditions) which have the expected almost symmetric distribution
around the neutron mass. This background is independent of m_
but varies with t and is strongest for low |t| values. It is
most probably due to complex interactions on Carbon in which

the excited nucleiidecay in a mode not detected by our veto
counter system (for example by emitting 2 neutrons). Support

for this assumption comes from the fact that we do not find

polarization for these high MM? events.
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Strong polarization effects are already seen in the data
before applying acceptance correction when we compare
distributions of events where the only change is the polarigation

directidn (apparatus including magnetic fields was otherwise

identical). The change in distribution in y, the angle
between normal to production plane and the positive polarization
direction, for all events is shown in fig. 4. (4a and 4b would

be identical if no nucleon polarization effects were present).

RESULTS

One‘interestihg result of this experiment is the fact‘that
the angular distribution of the events off Carbon is
indiStinguishable from that of hydrogen. This is shown in
fig.5 where some normalized <Re Y%> moments are given as a
function of m. for both hydrogen and Butanol. All details
including the K-K threshold behaviour are exactly reproduced.

We mayvconsider this resﬁlt as an argument in favour of
the factorization into production and decay amplitudes.
Simultaneously we treat this result as a test of our methods
of analysis which give identical results for two cases of
significantly different geometry} It also indicates the
possibility of studying resonance production bff complex

nuclei.

' ‘ ‘ dg L do 2
The mass dependence of aaag<yﬂ>and aaag<cos¢Yo> for 100%

polarized hydrogen (0.01 < |t| < 0.2) is shown in fig. 6 (results
of hydrogen!) and butanol experiment combined). There is

still a preliminary uncertainty of 25% in the relative
normalization of the two experiments.

A most interesting observation is the presence of strong
polarization effects (at the p mass the 2<cosy¥Y{>/<Y}> is =-0.35,
the maximum possible value being -1) in the low t region. Let
us remind ourselves that according to general belief this region
should be dominated by W—éxchange and therefore should exhibit
little or no polarization effects. An inspection of table 1

2

shows that the polarization dependent moments <cosiyRe Ym>

are due to the simultaneous presence of spin flip and nonflip




amplitudes of equal naturality (unnatural in this t range).
The <sinyIm Y£> moments are compatible with zero for this t
range. The t-dependence of the cross section %% and the
normalized moments <cosy¥3> in the p mass region are shown in

fig.7

The moments <coszeY£> exhibit (with opposite sign) the
same structure as <ReYi>. One has to a good approximation
<coszeY£>/<ReYi> constant. This relation could be deduced
from our earlier considerations on the density matrix’) in
the p region. From the vanishing of an eigenvalue of the
density matrix one obtains the relation: uni = c-uf%

with complex ¢ independent of j,m. This in turn leads to

L L. _ 2 Imc
<cosyRe Ym>/<Re Ym> = T¥[c]?

(for these moments or combinations of moments which do not
contain natural parity exchange amplitudes).

A fit for ¢ using the moments <Y5>,<ReY§3<ReY§>,%(<Y3>+
V/5<¥%>) and (<Y}> =~ Z§<Y§> + 3Z§<Y§>) leads to the result
shown in fig.8a (as function of mnn) and in fig.8b (as function
of |t|). The smallest nonflip amplitude is obtained for
pure imaginary c.. In that case the minimum "A,;" exchange
(unnatural spin parity exchange nucleon nonflip) amplitudes

are around 20% of the corresponding flip amplitudes.




Amplitude analysis

For the case of s and p waves the system of equations
(Table 1) connecting "transversity" (f and g) amélitudes can
be solved analytically.
and 14 unknowns’(s amplitudes and 6 relative phases).

Suitable addition or subtraction leads to the following

One has 15 equations (measured moments)

subsets of equations:

y ~
lagl® + 3lgel?= /m{(t] + pf) + /B(t} + p3)} ;
lgel? = 1g,l%= /5"{(t2 + pi)- o2t} + pd)) {»
S
] >
lgollggleosy,, =3 /7 (£} + pd) /
\
|gu||gs|C°5Yus = ‘V (¢l + pi) \
!
|
ENIEAT 2\/5 (¢} + p}) )
|hg|? + 3[he| %= /m{(t] - pd) + /5(t} - pd)}
- 1
Ihol? -|n |2 = I /5w((t} - p}) - T/%'- (t3 - p3))
1~
|ho||h [cosx , = 5/T(t} - pd)
' II
|hylh cosy, = J (t} - pi) ;
|h, [ 1hycosy, , = 2‘/6 (t} - pd)
2 _ o327 (.2 2
|y | = (t} + p}) .
III
[h 1% = Tgyl? =-J§1 (t3 - pd)
u N 6 2 P2
layllagleosyy = Ihgllh |cosx, = ri
= r% IV

bogllgelcosyy, -

gl 19yl cosy,y -

IhN‘ lholCOSXNo
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c\lm NG &]
3 3

i3]
YY)




Solving the equation set I (set II) by substituting for the

relative phase Yus = Yuo " Yg, OR€ obtains a cubic equation
for ]gulz ([hulz) with at most two physical solutions for the
setlgylslaglilaals vaar Ty, (hglilnglslhelxger.xy,) . The
possible sign change of all phases y (x) is not counted as

a separate solution.

Equation set III gives IhNI and IgNl and set IV serves
to find the 2 remaining relative phases Yxo and XNo*

In the amplitude analysis of the data the analytic solutions
were taken as starting values for a y? minimalization program
fitting the measured moments by those calculated from the

amplitudes according to the formulas in Table 1. In most
cases all analytic solutions converged to one unique result,

for the magnitude of the amplitudes. The question of phase
ambiguities is still under consideration.

The t-dependence of the amplitudes for the p-region is
shown in fig.9. '

Due to the missing phase between the set of g and the set
of h amplitudes the flip and nonflip amplitudes cannot be
reconstructed uniquely. However. the sum of intensities

In|? + [£]* = |g|?® + |n|?

can be found for each partial wave separately (fig.10). _
Therefore also the amount of natural parity exchange can be
determined exactly. In the hydrogen éxperimént only a lower
limit for the unnatural parity exchange could be derived.
Similarly a lower limit for the nonflip amplitude
, Llal - In]|

V2

|n|

can be obtained.




MODEL FIT

We fit the t-dependence of the moments <Ym> <Ymcosw>
<Ym51nw> g 22, m 22 in 13 t-bins in the range O-|t| 21 Gev?,
in the mass reglon of the p-meson 710—M -830 MeV.

We use the simplest possible model, containing the well-
known amplitudes of the "poor man's absorption"®r3:/%) model. 1In
order to describe the polarization measurements we add terms

for A;- and A,-exchange.

We define the amplitudes in the t-channel helicity frame
for the mm~helicity, however the s-channel helicity is used
for the nucleon helicities.

We -write
o _ [ 7'M bot . . byt
No = \jgr—s e + Yo © Ay
MZI-t
[ g €
Fg = —-z—t— ebot . AO
MZ-t
[ TP bt bt
Ng = \gz=t e + Yo © A,
M7-t
1 = —t' bot
Foo = mree © A
i1
-C
,l = -——é b-—t .
Fi e Y2 « A, Ier,
™
NI, = N}l =+ InF
Fli = =9g,
(t, minimum [t|, t' =t - ty)

AQ described the wn 1nteract10n using the phase shifts 6 0

writing M
I
A = — /2241 « T
2 /a %
decomposed into isospin
= 2 mo 1 m2
Tz = 3 T2 + 3 T2 % even
T; % odd
and 1
I idy I
Ty, = e sinén.
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The amplitudes Tpg InF describe the Az—exchange

_ bat. id :
I = Cyr € et Ay
%)

bsyt ;
= Cpy © 3 e -ty A,

V2

Ip1,

We assume that A, exchange contributes only to the m = O nonflip

amplitudes NJ,N} and parametrize it as Yoeblt'

We take the I=2 phase shift from reference®). 1In the p-
region the I=0 S-wave phase was set to 900, one global P-wave
phase shift was fitted for the whole mass region.

In the simple version used so far we put by = b; = b_.
The phase ¢ was assumed to be independent of t. For the

fitted parameters we obtain (statistical errors only)

b. = by = by; = (4.33 * 0.02) Gev~?

Cp = 1.12 + 0.01
Yo = (0.97 *+ 0.04) + i(0.712 * 0.02)GevV™!
Cyp = (0.65 + 0.07)GeV™2
Cpy = (-6.3 £ 0.1) Gev™?
= -2
banF (2.49 + 0.35)GeV
—_ -2
bppr, = (3.11 £ 0.05)Gev
¢ = (1.18 *+ 0.02)rad.

In fig.9 we show the fitted curves together with the

transversity amplitudes obtained in the preceding section.
Considering the simplicity of the model the agreement is

satisfactory.




CONCLUSIONS

We have presented this paper to show that nucleon
polarization experiments of exclusive three and more body
final state. reactions are feasible and can lead to unexpected

results. In particular the strong nucleon polarization
effect in the kinematic region which was supposed to be dominated

by one pion exchange is completely unexpected. If it is due to
the exchange of an additional particle this object has the
gquantum number of the A;. This interpretation should be

taken with caution however as it is also possible that the
polarization - as is similarly. true for the <ReY%> moments in
the hydrogen data - are the result of final state interaction.

We hope that continuation of this unfinished analysis will
give an answer to this question. The importance of the
problem particularly in view of the w-m phase shift analysis

cannot be overemphasized.
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Figure captions

Fig.

Figﬁ

Fig.

Fiqg,

Fig.

Fig.

Fig.

Fig.

1

Definition of kinematic quantities. Y angle

between normal to production plane and (transverse)
polarization of the protons taken in the rest frame
of the proton, 6,¢ polar and azimuthal angle of the
T in the rest frame of the mr system. (0=0
corresponds to the opposite direction of the
neutron in the t-channel system and to the beam

direction in the s-channel system).

Schematic view of the apparatus: C Cerenkov counters,
S scintillation counters, W spark chambers, M magnets,

T target.

Square of Missing Mass of a random sample of data

calculated under the assumption that the process

occurs on free hydrogen

a) for the butanol (+) and the hydrogen (x) target

b) for low (t < 0.01)(+) and high (0.2 < t) (x) four
momentum transfer .on the butanol.

Distribution of events in the angle y before
correcting for the acceptance of the spectrometer
for positive, (+) and for negative (x) polarization
direction.

If no nucleon polarization were present the two
distributions should be identical.

Mass spectrum and normalized moments <ReY%> for
a) Butanol
b) Hydrogen

. do 3 ~da L.
Unnormalized moments IndE <Yy> and EEEE<c°SwY°>'

Combined results from hydrogen and butanol experiments.

Cross section %% and normalized moments <Y%> and

<cois%> for the p-mass region (0.71 < m . < 0.83).
Ratio between nonflip and flip amplitudes (n = c+f).
. 2Imc .

Results of a fit of T:TEszy the ratio of moments

a) as function of mTHT for 0.01 < £ < 0.2

- b) as function of t for 0.71 < m < 0.83.




Fig.

Fig.

9

10
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t-dependence of nucleon "transversity" amplitudes

in the p region (0.71 < m_ < 0.83). The amplitudes
have been obtained by a 1-constraint fit to the
moments <ReYi>, <coszeYé> and <sinw1mY£> with

L < 2,

Intensities of the partial waves calculated from

the transversity amplitudes.
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