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Cross section and analyzing power ofp¢ p˜pnp1 near threshold
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Division of Nuclear Physics, Uppsala University, Box 535, S-751 21 Uppsala, Sweden

Colin Wilkin†

University College London, London, WC1E 6BT, United Kingdom
~Received 25 April 1997!

The cross section and analyzing power of thepW p→pnp1 reaction near threshold are estimated in terms of
data obtained from thepW p→dp1 and pp→ppp0 reactions. A simple final state interaction theory is devel-
oped which depends weakly upon the form of the pion-production operator and includes some Coulomb
corrections. Within the uncertainties of the model and the input data, the approach reproduces well the
measured energy dependence of the total cross section and the proton analyzing power at a fixed pion center-
of-mass angle of 90°, from threshold toTp5330 MeV. The variation of the differential cross section with pion
angle is also very encouraging.@S0556-2813~97!03410-9#

PACS number~s!: 13.75.Cs, 25.40.Qa, 24.70.1s, 25.10.1s
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I. INTRODUCTION

The pp→dp1 reaction has been measured for ma
years@1#, either for its own intrinsic physics interest or as
calibration for other reactions. Due to the importance of
tablishing the precise beam energy, accurate experim
near threshold could be carried out much easier with
advent of cooled proton beams@2,3#. The region within a
few MeV of threshold is very interesting because it sho
the interplay of the dominantp-wave production, induced by
the D resonance, and the smalls-wave rescattering terms
which becomes even more dramatic when going to hea
nuclei @4#.

Since the phase space for producing a three-body fi
state varies likeQ2, whereQ is the center-of-mass~c.m.!
kinetic energy in the exit channel, the determination of
beam energy is even more crucial in such experiments
threshold. The accurate measurements of thepp→ppp0 to-
tal cross section at the Indiana@5# and CELSIUS storage
rings @6# down toQ'1 MeV provoked great theoretical in
terest because the comparatively large cross section reve
the influence of unexpected short-range physics@7#.

The total and differential cross sections for charged p
production in the alliedpp→pnp1 reaction have also bee
measured very close to threshold@8,9# and these results hav
recently been complemented by the determination of the
ton analyzing power@10#. At the same value ofQ, charged
pion production is typically a factor of 5 larger than neut
and the interesting practical question to ask is to what ex
the extra information will constrain theory further.

The general features of the first results on thepp→pnp1

total cross section near threshold@8# can in fact be under-
stood within a nucleon-nucleon final state interaction mo
using measurements of thepp→dp1 andpp→ppp0 reac-
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tions as input@11#. This approach uses a representation of
np spin-triplet scattering wave function in terms of the de
teron bound-state wave function which does not dep
upon the details of thenp potential @12,13#. This result,
which is exact when thenp scattering energy is extrapolate
to 2ed , whereed is the deuteron binding energy, is gene
ally a very good approximation for small energies and d
tances@14#. Assuming the pion production operator to be
short range, the formalism allows one to estimate the cr
section for thepp→pnp1 reaction where the finalnp pair
are in the spin-tripletS wave. The much smaller contributio
from spin-singlet final states may be deduced directly fr
the pp→ppp0 data using isospin invariance.

The agreement with the measured total cross section
generally very encouraging except for underestimating
point nearest threshold@11#, which is the hardest to measur
experimentally. In the definitive data set of Ref.@9#, the
value at this point is somewhat reduced and a more car
evaluation of Coulomb effects given in this present wo
increases the near-threshold prediction. These two cha
both reduce the discrepancy.

Away from threshold our final state interaction approa
is capable of describing the angular distribution of the TR
UMF pp→pnp1 data at 400 and 450 MeV@15# provided
the excitation energy in thenp final state is below about 10
MeV, where S waves can be expected to dominate@16#.
Differential cross sections in the pion c.m. angle are n
also available near threshold@9#, and here we extend ou
formalism to describe such data. One difficulty in impl
menting this program is the restricted differential cross s
tion information for thepp→ppp0 reaction corresponding
to the total cross sections reported in Ref.@5#. If this is taken
to be isotropic, we predict thepp→pnp1 angular distribu-
tion to be a little steeper than that observed experiment
@9#, though it should be noted that there are also major
certainties in thepp→dp1 input @1–3#.

The proton analyzing power in low energypW p→dp1 is
largest at 90° and the energy dependence of this quantity
2067 © 1997 The American Physical Society
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2068 56GÖRAN FÄLDT AND COLIN WILKIN
the three-bodypp→pnp1 final state has just been reporte
by an IUCF group@10#. The extension of our FSI method t
treat analyzing powers is straightforward, but its applicat
is hindered by the dearth ofAy data in thepW p→ppp0 spin-
singlet final state. If this is small then the broad features
the 90° energy dependence are reproduced.

Calculations within our final state interaction model a
not definitive in that they do not use all of the energy andr
dependence of theS-state neutron-proton scattering wa
functions. This means however that they do not require
tailed considerations of the range dependence of the
production operator and are largely independent of
choice of the neutron-proton potential. Higher partial wav
in the neutron-proton final state are simply ignored and
will become a bigger defect with increasing energy. Nev
theless we claim that any microscopic calculation which
produces the measuredpp→dp1 and pp→ppp0 observ-
ables should, near threshold, give results qualitatively sim
to the ones presented here. The tolerable agreement wit
pp→pnp1 data therefore suggests that the extraction
quantitatively new information on the basic pion producti
reaction mechanism near threshold requires accurate m
surements combined with much more refined theoretical
culations.

In Sec. II we discuss the relation of theNN scattering and
bound-state wave functions in the spin-tripletS state and
illustrate it with results derived from the Paris potential@14#,
which are typical and readily obtainable. The energy dep
dence of the spin-singlet wave functions is investigated w
and without Coulomb effects and it is shown that the ma
difference between the two can be accounted for by me
shifting the position of the1S0 pole on the second energ
sheet.

Though at low energies it is reasonable to consider o
S-wave nucleon-nucleon systems, pionicp waves enter
quickly because of the smallness of thes-wave terms. In Sec
III we develop the formalism to include the effects of pion
s and p waves, together with the approximate wave fun
tions, in the three-body phase space to estimate the meas
pp→pnp1 observables. Coulomb corrections are includ
in thes wave in the same approximate manner as that use
treat the low energypp→dp1 reaction.

As previously stressed, the agreement with the exp
mental data presented in Sec. IV is generally good, tho
not perfect. However the differences are well within the u
certainties of the model and the input and output exp
ments. Conclusions and suggestions for further work ar
be found in Sec. V.

II. SCATTERING AND BOUND-STATE WAVE
FUNCTIONS

An S-wave bound-state reduced wave function beha
asymptotically as

ua~r !;e2ar ~2.1!

at large radiir and is normalized such that

E
0

`

dr@ua~r !#251. ~2.2!
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The analogous scattering wave function withreal bound-
ary conditions is normalized by its asymptotic behavior

v~k,r !;
1

k
sin@kr1d~k!#, ~2.3!

whered(k) is the phase shift at wave numberk.
Despite these very different normalizations, we ha

shown that for finite range potentials the two types of wa
functions are related quantitatively by the theorem@13#

lim
k→ ia

$A2a~a21k2!v~k,r !%52ua~r !. ~2.4!

This theorem is valid at the bound-state pole, independ
of the details of the potential, but it is also a robust extrap
lation in the sense that, in the case of a weakly bound st
at short distancesr

v~k,r !'2
1

A2a~a21k2!
ua~r !, ~2.5!

provided thatk is small on the scale of the potential rang
and strength. Of course the approximation breaks down
large distances because the bound and scattering wave
tions must be orthogonal when integrated over all space

In the case of an almost bound virtual state, where
pole is on the second sheet, there is no bound-state w
function to fix the radial dependence. Nevertheless the s
techniques show that the energy dependence of the scatt
wave function is given by a similar factor to that of Eq.~2.5!
@11,13#:

v~k,r !'2
1

Aa21k2
C~r !. ~2.6!

These approximations can be tested explicitly in the ca
of the Yamaguchi, square well, Bargmann, or Hulthe´n poten-
tials, which can be resolved exactly. However several co
plications arise when looking at the more realistic potenti
which are used to describe the nucleon-nucleon system.
extrapolation theorem of Eq.~2.5! has only been proved fo
single channel scattering in a local potential@13#, whereas in
the spin-triplet case there is coupling between theS and D
waves.

In Ref. @11# we showed the variation of the deuteron a
scattering wave functions withr for the illustrative case of
the Paris nucleon-nucleon potential@14# and, despite the ne
glect of coupled channel effects, Eq.~2.6! seems to be
broadly valid to within 5% forr<1.7 fm for neutron-proton
c.m. energiesEnp<10 MeV. To see this more quantitatively
we plot in Fig. 1 values of the spin-triplet function

Zt52A2a t~k21a t
2! v~k,r !/r , ~2.7!

with a t50.232 fm21, in terms ofk2. The radius is fixed at
r 51.05 fm, which is close to the peak in the Paris wa
function.

When continued tok252a t
2 , the smooth fit

Zt~k2!5A2a t~0.62710.122k220.057k4! ~2.8!
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56 2069CROSS SECTION AND ANALYZING POWER OFpW p→pnp1 . . .
lies about 0.5% above the value of the deuteron wave fu
tion, but such a discrepancy is close to the limit in the p
cision of the extrapolation. The deviation could of course
due to effects of theD state, though the Paris potential al
includes some velocity dependence which may lie outs
the domain of validity of the theorem.

The slow variation ofZt(k
2) with k2 is not a peculiarity

of the Paris potential but seems to be found for all sim
potentials of a similar range which reproduce the deute
binding energy. While almost all the energy dependenc
given by the square-root factor in Eq.~2.6!, Zt(k

2) is a
steadily increasing function and this is typical for potenti
with just one lightly bound state. Nevertheless, even
Enp515 MeV it lies less than 8% above the deuteron po
It should be noted that the slope of this function depe
upon the value ofr and that atr'1.7 fm the function is
almost flat@14#.

Though there are no channel-coupling problems in
spin-singlet case, the approximation given by Eq.~2.6! must
break down at very smallk2 in the proton-proton case due t
the essential singularity atk50 caused by the Coulomb re
pulsion. This is not a problem providedENN.1 MeV, as can
be seen from the values of the singlet function

Zs52Ak21as
2v~k,r !/r ~2.9!

which are also shown in Fig. 1. The results may be para
etrized by

FIG. 1. TheNN triplet scattering functionZt defined by Eq.
~2.7! evaluated atr 51.05 fm for discrete values ofk2 using the
Paris potential~open circles!. The smooth extrapolation of Eq.~2.8!
lies about 0.5% above the deuteron point~closed circle!. The points
for the corresponding singlet functionsZs , defined by Eq.~2.9!, are
shown without Coulomb force~open star! and with~closed star! and
interpolated using Eq.~2.10!. For presentational purposes the si
glet values are multipled by a scale factor of 0.3. The princi
effect of the Coulomb force is to change the position of the a
bound state pole atk252as

2 . Residual effects due to the Coulom
repulsion may be seen belowEpp51 MeV.
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Zs50.64610.343k220.353k410.157k6

with as520.053 fm21 ~without Coulomb),

Zs50.69810.131k220.037k4

with as520.100 fm21 ~with Coulomb!. ~2.10!

III. AMPLITUDES AND OBSERVABLES

Many of the elements of the FSI formalism are given
Ref. @11#, but for clarity some are repeated here. We us
normalization such that the two-body spin-averaged am
tude and c.m. differential cross section are related by

ds

dV
~pp→dp1!5

pp

64p2~md1mp!2pp

3uM ~pp→dp1!u2,

~3.1!

wheremp , mn , md , andmp are the masses of the proto
neutron, deuteron, and pion, andpp andpp are the momenta
of the final pion and the initial proton, respectively.

The corresponding three-body cross section is given b

d2s

dVdk
~pp→pnp1!5

ppk2

32p3~mp1mn1mp!2pp

3uM ~pp→~pn!kp
1!u2,

~3.2!

where the matrix element squared is assumed to be aver
over the angles of thenp relative momentumkW . In practice
we shall only estimate the contributions fromS-wave np

pairs, where the results are in any case isotropic inkW .
Reduced mass factors for the three-body reaction are

fined by

1

m
5

1

mp
1

1

mp1mn
,

1

mpn
5

1

mp
1

1

mn
, ~3.3!

whereas for bound-state production themp1mn combination
in Eq. ~3.3! is replaced by the deuteron mass.

The momenta in the exit channel are linked to the value
the excitation energyQ through

Q5
pp

2

2m
1

k2

2mpn
• ~3.4!

The variableh, conventionally used to describe low energ
pion production, is the maximum pion momentum in pio
mass units and is given by

h[
pp

max

mp
5

A2mQ

mp
• ~3.5!

The cross section for pion production summed over allpn
excitation energies in the three-body channel is

l
i-
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2070 56GÖRAN FÄLDT AND COLIN WILKIN
ds

dV
~pp→pnp1!

5
1

32p3~mp1mn1mp!2pp

3E
0

A2mpn
QuM ~pp→~pn!kp

1!u2ppk2dk.

~3.6!

Since the pion production operator is expected to be do
nated by short-range physics, the relation of Eq.~2.4! be-
tween the bound and scattering wave functions sugges
similar relation for the spin-triplet matrix elements, viz

uM ~pp→~pn! tp
1!u2'

uM ~pp→dp1!u2

2a t~k21a t
2!

'
32p2~md1mp!2pp

ppa t~k21a t
2!

3
ds

dV
~pp→dp1!. ~3.7!

The prediction for the spin-triplet part of the unpolariz
cross section then follows immediately through the use
Eq. ~3.6!.

The formalism for the proton analyzing powerAy in
pp→pnp1 can be developed identically, the only chang
beingAy factors on the right-hand side of Eq.~3.7! and the
left-hand side of Eq.~3.6!.

It is of great practical interest that near threshold the
tegration in Eq.~3.6! may be performed analytically. Thu
for a pp→dp1 observable which varies as

Od
~n!~h!}hn, ~3.8!

the corresponding observable for thepp→(pn) tp
1 reaction

is given by

Opn
~n!~h!5P~n!~hz!3Od

~n!~h!, ~3.9!

where

z5
mp

A2med

• ~3.10!
i-

a

f

s

-

A description of the low energypp→pnp1 observables
only requires these functions forn51, 2, 3, and explicitly in
these cases

P~1!~x!5
x3

4~11A11x2!2
, ~3.11a!

P~2!~x!5
1

p H 2

3
x1

1

x
2S 11

1

x2D arctan~x!J ,

~3.11b!

P~3!~x!5
x3

8~11A11x2!2 H 11
x2

2~11A11x2!2 J .

~3.11c!

It is customary in the analysis ofpp→dp1 data to as-
sume that, due to the Coulomb repulsion in the final state,
cross section very near threshold is suppressed by a Ga
factor of

FC~h!5
2q/h

exp~2q/h!21
'

1

11q/h
, ~3.12!

where

q5
pma

mp
• ~3.13!

This approach, which considers all the charge in the d
teron to be concentrated at the center of the nucleus, is
ficient to explain the major differences between t
np→dp0 @17# and pp→dp1 @1# total cross sections, an
the simplification made in Eq.~3.12! is indistinguishable
from the full Gamow factor under the conditions of su
data.

An analogous suppression will be suffered by thep1 in
thepp→pnp1 case, but this is only likely to be of practica
importance fors-wave pions because the centrifugal barr
keeps thep waves small in the region of lowh. Taking the
charge, as in the deuteron case, to be situated at the cen
mass of the proton-neutron system, the integral for
Coulomb-modifiedP(1)(x) of Eq. ~3.11 ! can still be per-
formed in closed form, giving
PC
~1!~x,c!5

x3

p~11x2~12c2!!
H 1

2 c3A12c2 lnS 12A12c2

11A12c2D 1
p

4x4
@11x2~12c2!#@21x2~112c2!#2

p

2x4
~11x2!3/2

2
c

x2
@11x2~12c2!#1

c

x3
~11x2!arctan~x!J , ~3.14!
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56 2071CROSS SECTION AND ANALYZING POWER OFpW p→pnp1 . . .
wherec5q/h.
In pp→ppp0 the s-wave pion production is likely to be

dominant to much higher values ofh than for charged pion
production induced by the suppression of theD contributions
through the selection rules for the finalS-wave pp states.
Though there is no bound-state production to set the norm
ization, the energy dependence of the total cross sec
should therefore be of the formhP(1)(x).

In the absence of Coulomb effects, the cross sections
p0 andp1 production are related by

s~pp→$pn% I 51p1!5s~pp→ppp0!. ~3.15!

Coulomb corrections must however be applied before thi
used to estimate the spin-singlet contribution topp→pnp1,
and this is done in two stages. As can be seen from Fig
most of the effects of Coulomb barrier in the finalpp wave
function on the right-hand side of Eq.~3.15! are removed by
replacing the value ofZs with Coulomb in Eq.~2.10! by that
without. On the other hand, the repulsion in thep1p system
on the left of the equation can be handled by replac
P(1)(x) by PC

(1)(x,c).

IV. COMPARISON WITH EXPERIMENT

In the low energy region it is a good approximation
take thepp→dp1 differential cross section and analyzin
power to be of the form

ds

dV
5A1Bcos2u, ~4.1a!

Ay

ds

dV
5Csinu, ~4.1b!

whereu is the c.m. angle of the pion, and these dependen
will propagate through to the spin-triplet part of th
pp→pnp1 reaction.

The SP96 phase shift solution from the Virginia datab
@1# yields the following predictions for Coulomb-correcte
observables. Atu50°,

ds

dV
5~13.6h1164.0h3! mb/sr, ~4.2!

whereas atu590°

ds

dV
5~13.6h116.2h3! mb/sr, ~4.3a!

Ay

ds

dV
5218.1h2 mb/sr. ~4.3b!

The normalization given in Eq.~4.2! is quite close to that
deduced from neutron-induced data using charge inde
dence@17#. However it lies typically 10%abovethe recent
COSYpp→dp1 measurement@2# and 25%belowthat from
IUCF @3#. The difference between these two gives a meas
of the uncertainty in the input of our calculation.

Spin-singlet final states may be estimated using

s~pp→ppp0!'4pDhP~1!~z8h!, ~4.4!
l-
on

or

is

1,

g

es

e

n-

re

where, as discussed in Sec. II, after including thepp Cou-
lomb repulsion,z8512.6. The best fit to the total cross se
tion data of Ref.@5# is achieved withD'0.86 mb, and the
resulting curve shown in Fig. 2 is very similar in shape
microscopic calculations which include thepp final state in-
teraction more fully@18#. The deviations for the three lowes
CELSIUS points may be due to an uncertainty in the pro
beam energy@6# but there may also be some influence of t
breakdown in the smoothness ofZs at very smallk2 in Fig. 1
due to residual Coulomb effects. This is of no conseque
for the subsequent estimation of thepp→pnp1 cross sec-
tions.

Though the authors of Ref.@5# did not report values for
the pp→ppp0 differential cross sections, their data do su
gest some influence from higher partial waves at 325 Me
There is however evidence that at 320 MeV (h50.46) the
cross section is fairly isotropic and that the proton analyz
power is consistent with zero@19#. Introducing Coulomb cor-
rections in both the finalppp0 and pnp1 systems, these
data then predict that

ds

dV
~pp→$pn%sp

1!'D8hPC
~1!~z9h,c!, ~4.5!

whereD8'0.42 mb/sr andz9525.4. This is to be taken in
conjunction with the spin-triplet predictions for the differe
tial cross section

FIG. 2. The experimentalpp→ppp0 total cross sections of Ref
@5# ~open circles! and Ref.@6# ~squares! are to be compared to th
broken curve, which represents the fit on the basis of Eq.~4.4!. This
curve is very similar in shape to the microscopic calculations
Ref. @18# which include the Coulomb repulsion explicitly. Th
pp→pnp1 data of Refs.@8,9#, which are very similar to the ex-
tended data set of Ref.@10#, are subject to a 13% overall error. Th
uncertainty in the input for the solid and chain curves, which sh
the corresponding predictions with and without the pionic Coulo
corrections, is around 20%@1–3#. The Coulomb corrections given
by Eq. ~3.14! differ little in practice from those obtained by mere
multiplying by the Gamow factor of Eq.~3.12!.
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2072 56GÖRAN FÄLDT AND COLIN WILKIN
ds

dV
~pp→$pn% tp

1!

513.6hPC
~1!~z9h,c!

1~161148cos2u!h3P~3!~z9h! mb/sr,

~4.6!

and analyzing power

Ay

ds

dV
~pp→$pn% tp

1!5218h2sinuP~2!~z9h! mb/sr,

~4.7!

where pion Coulomb corrections have only been made in
s wave.

The momentum dependence of thepp→pnp1 total cross
section is shown in Fig. 2 both with and without pionic Co
lomb corrections. There is in fact very little difference b
tween either using thePC

(1)(x,c) of Eq. ~3.14! or multiplying
the uncorrectedP(1)(x) of Eq. ~3.11! by the Gamow factor
of Eq. ~3.12!. The full curve lies somewhat below the IUC
measurements@9# but, apart from the lowest point, the de
viations are of the same order as the Coulomb correction
should be noted that there are typically 20% overall norm
ization uncertainties in the input and output data, as wel
problems in determining the value ofh close to threshold
@9#. The total cross sections from the extended data se
Ref. @10# are consistent with the earlier measuremen
though they are subject to very similar systematic uncert
ties.

Due to the differences in the pole positions and he
energy dependence, the ratio of thes-wave production of
pions with spin-triplet and spin-singlet final states is es
mated to be about 1.7 at lowh but 7.8 at high values.

The angular dependence of the predictedpp→pnp1 dif-
ferential cross section ath50.21 andh50.42 is compared
in Fig. 3 with the IUCF data@9#. The theory is about 20% too
low in normalization and the slopes, evaluated assuming
singlet cross section to be isotropic, a little too strong. It
clear from the larger data set of Ref.@10# that the binning
effect due to the experimental averaging over angular
mains is only of marginal importance.

In Fig. 4 is shown the variation ofAy at 90° as a function
of h for pp→dp1 and pp→pnp1, assuming the single
cross section to be isotropic with zero analyzing power. T
curve lies a little below the experimental points of Ref.@10#,
where the only major systematic uncertainty is the acc
tance in polar and azimuthal angles.

V. CONCLUSIONS

We have shown within the framework of a simple fin
state interaction theory that most of the low energy data
the total and differential cross sections and proton analyz
power for thepp→pnp1 reaction can be understood sem
quantitatively in terms of equivalent information deduc
from pp→ppp0 and pp→dp1 measurements. We believ
that any more microscopic approach with finite range pi
production operators, which fit the latter data, would g
pp→pnp1 predictions very similar to the ones present
e

It
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e

-

e
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e
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n
g

-

here, though with some changes at higher values ofh due to
the neglect of finalnp P-wave contributions. However it is
also apparent from Fig. 1 that our formalism will tend
underestimate slightly the triplet contribution to th

FIG. 3. Differential cross sections forpp→pnp1 at h50.21
~squares! andh50.42 ~circles! taken from Ref.@9# and compared
with the predictions of the model assuming the singlet cross sec
to be isotropic. The data and predictions at the lower energy
both multiplied by a factor of five to present them on a simi
scale.

FIG. 4. Variation of the proton analyzing power inpp→pnp1

at u590° as a function ofh, the experimental points being take
from Ref.@10#. The broken curve is the prediction of the phase sh
solution SP96 of Ref.@1# for pp→dp1, whereas the solid curve
follows from Eq.~4.7! assuming thepp→ppp0 cross section to be
isotropic with negligible analyzing power.



e
a
n-
av
ris
pa

o
a
o
io
a

ar
ve

t i

a

cu-
el

en-
ap-

ur
ce

er

s

nt
uld
a-
H.

his
ort

ors
rg

56 2073CROSS SECTION AND ANALYZING POWER OFpW p→pnp1 . . .
pp→pnp1 cross section at highh becauseZt is an increas-
ing function of k2. The rate of rise depends upon th
nucleon-nucleon separation and so it is impossible to qu
tify the effect without having a detailed model for the pio
production operator as well as the nucleon-nucleon w
function. Though we illustrated our formalism with the Pa
potential, our results are independent of this choice a
from small Coulomb effects.

P-wave contributions might be responsible for some
the discrepancies observed in the angular distributions
analyzing power. However it is clear from the linear scale
Fig. 3 that the agreement would be better if the normalizat
of the inputpp→dp1 data were increased by about 25%,
was found in the IUCF measurement@3# of this rate. The
deviations in the total cross section predictions in Fig. 2
larger near threshold but, having taken into account the o
all normalization error on thepp→pnp1 data and the dif-
ficulty in determining the exact value ofh @9#, these could be
mainly of an experimental nature. On the other hand, i
hard to reconcile the COSY normalization ofpp→dp1 @2#
with the IUCF measurement ofpp→pnp1 @8–10# within
our model.

If the disagreement over thepp→dp1 normalization can
be resolved, to take full advantage of the accurate IUCF d
-

.

E
F.

.

n-

e

rt

f
nd
f
n
s

e
r-

s

ta

would require a sophisticated microscopic model to be ac
rate to the 10% level. It could then be helpful if such a mod
were consistently applied in the evaluation of the experim
tal acceptances rather than relying on the Watson FSI
proach@9#.

Qualitatively new information, against which to test o
model, could be provided by experiments which introdu
interferences between triplet and singlet finalnp states, as,
for example, in the (pW ,pW 8) spintransfer. These are howev
much harder to perform.
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