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Abstract. A formalism for total set of spin observables of the reactionpd → 3Heη derived in a model indepen-
dent way is presented and a possibility to perform a complete polarization experiment is investigated. Separation
of s- and p-wave amplitudes of this reaction in the threshold region allows one to determine a position of the
quasibound pole in the3He− η system. It is shown that in order to get such a separation one should measure
spin-transfer coefficients in addition to analyzing powers and spin-correlations. Specific observables, given by
products of one s- and one p-wave amplitudes, are found. Measurement of these observables will provide new
independent information on the3He− η pole position and this allows one to determine whether the3He− η state
is quasi-bound or anti-bound.

1 Introduction

Strong enhancement of the cross section of the reaction
pd → 3Heη observed near the threshold [1,2] is consid-
ered as a final state interaction effect arising due to pres-
ence of a quasi-bound3He− η state [3]. This asumption
is supported by the calculation of the cross section of this
reaction within a two-step model [4–6]. Parameters of the
quasi-bound state were estimated [4,5] from fit to the data.
Microscopic four-body calculations support quasi-bound
[7] or anti-bound (virtual) [8] states in the3He − η sys-
tem within the existing uncertainties for the elementaryηN
interaction. A special type of experiments is required to de-
cide whether the pole in the3He− η system, if it really ex-
ists, corresponds to a quasi-bound (for strong enoughηN
interaction) or anti-bound (for rather weakηN interaction)
state [9].

Recently the cross section of thepd → 3Heη reac-
tion near its threshold was measured at COSY [10,11] with
a high precision. According to Ref.[10], the pole corre-
sponding to the quasi-bound (or anti-bound) state is lo-
cated on the excitation energy plane at the pointQ0 =

[(−0.30±0.15stat±0.04syst)±ı(0.21±0.29stat±0.06syst] MeV,
that is very close to the threshold. As was noted in [12], the
presence of the pole in the s-wave amplitude of this reac-
tion must lead to fast variation not only in its magnitude,
but also in the phase. The latter provides a new criterion
for identification of the pole. The specific phase behaviour
comes from the following analytical form of the s-wave
amplitude near the pole:

f (pη) =
ξ

pη − ip0
, (1)
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wherepη is the (real) c.m.s. momentum of theη-meson,p0
is the (complex) pole point directly related to the energy
Q0, andξ is a smooth function ofpη. On the other hand,
p-wave (and other higher partial waves) amplitudes are ex-
pected to exhibit non-pole behaviour. Using the available
unpolarized data [10], the authors of Ref.[12] found some
non-direct indications of this specific phase behaviour of
the s-wave amplitudes near the threshold. In order to val-
idate this interpretation by direct measurement of energy
dependence of the s-wave amplitudes, polarization exper-
iments are required. Some of them were discussed in Ref.
[12] under restriction by four spin amplitudes in the tran-
sition matrix element.

In paper [13] polarization measurements were discuss-
ed in detail. A full set of spin observables was analyzed
including those which require measurement of polariza-
tions of final particles. Moreover, in addition to the approx-
imation by four spin amplitudes, used in Ref.[12], the case
with five amplitudes and the general case, which includes a
full set of six independent spin amplitudes of this reaction
were considered. It was shown that in collinear kinemat-
ics the complete polarization experiment is rather simple,
but one cannot separate s- and p- wave amplitudes in this
regime. Therefore, to determine the desirable phase depen-
dence of the s-wave amplitudes in respect of p-wave ones
one has to perform experiments beyond collinear kinemat-
ics. For the cases of four and five independent amplitudes
complete polarization experiments were suggested, which
allow one to determine all these amplitudes. It was found
that one has to measure spin-transfer coefficients in addi-
tion to analyzing powers and spin-correlation parameters
to complete the experiment. Furthermore, it was shown
that in the most general case with six spin amplitudes the
complete polarization experiment is too complicated to be
really performed. Instead of performing it, it was suggested
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in Ref. [13] to measure few specific spin observables which
could provide new independent information on the position
of the quasi-bound pole. In this talk I will focus mainly on
these specific spin observables.

2 The transition matrix element

In terms of z-projections of spins of participating particles
there exist twelve different spin transitions in the reaction
pd → 3Heη. Due to P-parity and angular momentum con-
servation only six of them are independent [13].

In the non-orthogonal basis used in Ref.[12] and in no-
tations of that paper, the transition operator of the reaction
pd → 3Heη can be written as

F̂ = ε · T = Aε · p̂p + iB[ε × σ] · p̂p +Cε · pη +
iD[ε × σ] · pη + iE(ε · n)(σ · p̂p) + iF(ε · n)(σ · pη),(2)

whereσ is the Pauli matrix,ε is the polarization vector of
the deuteron,̂pp is the unit vector along the proton beam
direction,pp andpη are the cms momenta of the proton and
theη−meson, respectively, andn = [pη × p̂p]. We choose
the coordinate system with the axes OZ↑↑ pp, OY ↑↑ n,
OX ↑↑ [n × p̂p]. Six independent terms in Eq.(2) com-
pletely describe this reaction. As compared to Ref.[12],
we also consider two additional terms, E and F, both of
the non-s-wave type (in respect of the final state). The s-
wave amplitudes are contained in the termsA andB only.
These are the only terms which do not disappear in the
limit pη → 0 in Eq. (2). In the near threshold region, the
termsA and B could contain mainly an admixture of p-
waves, likeA′(pp · pη)(ε · pp) andiB′(pp · pη)[ε × σ] · p̂p,
respectively. The termsC, D andE are related to the final
p-wave state near the threshold. The last termF in Eq. (2)
corresponds to the d-wave (and higher partial waves) in the
final state.

The unpolarized cms cross section takes the form (see
also below Eqs. (8) and (9))

dσ0 =
pη

3 pp
I, (3)

here the factorI is given as

I = |A|2 + 2|B|2 + (|C|2 + 2|D|2)p2
η +

+2Re(AC∗ + 2BD∗)pη cosθη + (|F |2p2
η + |E|

2) ×

×p2
η sin2 θη + 2Re(DE∗ − BF∗ + EF∗pη cosθη) ×

×p2
η sin2 θη (4)

with θη being the angle between the vectorspp andpη. If
one putsF = 0 andE = 0, Eq. (4) gives linear depen-
dence in cosθη for the differential cross section, observed
in the existing data atQ < 11 MeV [10,11]. In view of this
observation, one may conclude the following. Firstly, the
contribution of two last terms in Eq.(4), which are propor-
tional to sin2 θη, can be considered as negligible in the un-
polarized cross section atQ less than≈ 10 MeV. The latter
gives grounds for using only four independent amplitudes

and neglectingE and F. This approximation, adopted in
Ref.[12], was also studied in Ref. [13] from the point of
view of performing a complete polarization experiment.
Secondly, the amplitudesA and B do not contain a size-
able contribution of p-waves (i.e. termsA′ andB′ consid-
ered above) atQ < 10 MeV [12]

Thus, near the threshold the amplitudesA andB are of
the s-wave type and, therefore, are expected to contain the
quasi-bound pole. On the other hand, all other amplitudes
(C, D, E, andF) are expected to have smoothpη depen-
dence near the pole. These assumptions will be essential
in section 5, where the position of the quasi-bound pole on
the momentum plane is considered. One should note that
the d-wave termF is most likely negligible as compared to
the s- and p-wave terms in the near threshold region due to
the centrifugal barrier. However, the termE could be non-
negligible in spin observables. Therefore, the cases with
five spin amplitudes (A, B, C, D, E) and the general case
with the full set of six spin amplitudes have to also consid-
ered (see Ref. [13]).

3 Observables

Using Eq. (2), one can express any spin observables in
terms of invariant spin amplitudes. On the next step, having
the full set of spin observables, one can find a solution for
complete polarization experiments. For this aim the Carte-
sian components of the vector-operatorT, defined by Eq.
(2), can be presented as follows

Tx = M1 + M2σy, Ty = M3σx + M4σz,

Tz = M5 + M6σy, (5)

where

M1 = Cqx, M2 = i(B + Dqz),

M3 = −i(B + Dqz − Fq2
x), M4 = i(D + E + Fqz)qx,

M5 = A +Cqz, M6 = −iDqx. (6)

Hereqx andqz are determined as

qx = −pηsinθη, qz = pηcosθη. (7)

The unpolarized cross section can be written as

dσ0 =
1
6

pη
pp

∑

α

TrTαT
+

α =
1
3

pη
pp

I, (8)

whereα = x, y, z andI has the following form:

I =
1
2

∑

α

TrTαT
+

α =

6
∑

i=1

|Mi|
2. (9)

We use below definitions and notations of Ref. [14] for
spin observables. The full set of observables for the gen-
eral case of six independent spin amplitudes is given in
Ref. [13]. Particular cases with five and four spin ampli-
tudes, which are expected to domiante near the threshold of
the reactionpd → 3Heη, are also considered in Ref.[13].
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Here we present mainly those observables which are re-
quired for determenitaion of the optimal (specific) spin-
obserbvabes.

The tensor analyzing powers of the deuteron take the
form

Ayy = 1−
3
I

{

|M3|
2
+ |M4|

2
}

, (10)

Axx = 1−
3
I

{

|M1|
2
+ |M2|

2
}

, (11)

Azz = 1−
3
I

{

|M5|
2
+ |M6|

2
}

, (12)

−
I
3

Axz = Re(M1M∗5 + M2M∗6). (13)

The vector analyzing powers are

I
2

Ad
y = Im

{

M5M∗1 + M6M∗2
}

, (14)

I
2

Ap
y = Re

{

M1M∗2 + M5M∗6
}

− ImM3M∗4. (15)

The spin transfer coefficientsK j′

i (p), describing polariza-
tion transfer from the initial proton to the3He nucleus, can
be written as

IKy
′

y (p) = |M1|
2
+ |M2|

2 − |M3|
2 − |M4|

2
+ |M5|

2
+ |M6|

2,

IKx′
x (p) = |M1|

2 − |M2|
2
+ |M3|

2 − |M4|
2
+ |M5|

2 − |M6|
2,

IKz′
z (p) = |M1|

2 − |M2|
2 − |M3|

2
+ |M4|

2
+ |M5|

2 − |M6|
2,

−
I
2

Kz′
x (p) = Im

{

M1M∗2 + M5M∗6
}

− ReM3M∗4,

−
I
2

Kx′
z (p) = Im

{

M2M∗1 + M6M∗5
}

− ReM3M∗4. (16)

The spin transfer coefficientsKi′
j (d), describing polar-

ization transfer from the initial deuteron to the3He nu-
cleus, are

I
2

Ky
′

y (d) = Im(M6M∗1 + M5M∗2),

I
2

Kx′
x (d) = ImM3M∗5 − ReM4M∗6,

I
2

Kz′
z (d) = ImM1M∗4 − ReM2M∗3,

I
2

Kx′
z (d) = ImM1M∗3 + ReM2M∗4,

I
2

Kz′
x (d) = ImM4M∗5 + ReM3M∗6. (17)

The proton-deuteron spin correlation parameters are

−
I
2

Cy,y = ImM2M∗5 + ImM1M∗6,

I
2

Cz,z = ImM1M∗4 + ReM2M∗3,

I
2

Cx,x = ImM3M∗5 + ReM4M∗6,

I
2

Cx,z = ImM1M∗3 − ReM2M∗4,

I
2

Cz,x = ImM4M∗5 − ReM3M∗6 (18)

for the vector polarized deuteron and

Cy,yy = Ap
y +

6
I

ImM3M∗4,

I
2

Cy,yy = Re(M1M∗2 + M5M∗6) + 2ImM3M∗4,

Cy,xx = Ap
y −

6
I

ReM2M∗1,

I
2

Cy,xx = Re(M5M∗6 − 2M2M∗1) − ImM3M∗4,

Cy,zz = Ap
y −

6
I

ReM5M∗6,

I
2

Cy,zz = Re(M1M∗2 − 2M5M∗6) − ImM3M∗4,

−
I
3

Cy,xz = Re(M2M∗5 + M1M∗6),

−
I
3

Cx,yz = ReM3M∗5 − ImM4M∗6,

−
I
3

Cz,yz = ReM4M∗5 − ImM6M∗3,

−
I
3

Cx,xy = ReM1M∗3 − ImM4M∗2,

−
I
3

Cz,xy = ReM1M∗4 − ImM2M∗3 (19)

for the tensor polarized deuteron. Polarization transfer from
the tensor polarized deuteron to the3He nucleus is de-
scribed by the following observables:

Ky
′

yy = Ph
y +

6
I

ImM4M∗3,

I
2

Ky
′

yy = Re(M1M∗2 + M5M∗6) − 2ImM∗4M3,

Ky
′

xx = Ph
y −

6
I

ReM2M∗1,

I
2

Ky
′

xx = Re(M5M∗6 − 2M1M∗2) + ImM3M∗4,

Ky
′

zz = Ph
y −

6
I

ReM5M∗6,

I
2

Ky
′

zz = Re(M1M∗2 − 2M5M∗6) + ImM3M∗4,

−
I
3

Kx′
yz = ReM3M∗5 + ImM4M∗6,

−
I
3

Kz′
xy = ReM1M∗4 + ImM2M∗3,

−
I
3

Ky
′

xz = Re(M2M∗5 + M1M∗6),

−
I
3

Kz′
yz = ReM4M∗5 + ImM6M∗3,

−
I
3

Kx′
xy = ReM1M∗3 + ImM∗2M4, (20)

wherePτy is the polarization of the final3He nucleus for
the unpolarized beam and target, which can be written as

I
2

Pτy = Re(M1M∗2 + M5M∗6) + ImM3M∗4,

Pτx = Pτz = 0. (21)
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4 Comp lete polarization experiment

4.1 Collinear kinematics

In collinear kinematics (qx = 0) one hasM1 = M4 = M6 =

0 andM3 = −M2, as follows from Eq. (6). Therefore, only
two spin amplitudes,M2 = Mcoll

2 and M5 = Mcoll
5 , com-

pletely describe the reaction. These amplitudes (moduli
and phases) can be determined from the measurement of
the following four observables:dσ0, Azz, Cy,y andCy,xz The
relative phaseφi j of the amplitudesMi andM j is defined as
ReMiM∗j = |Mi||M j| cosφi j, ImMiM∗j = |Mi||M j| sinφi j. In

the general case,Mcoll
2 andMcoll

5 are the following combi-
nations of the s- and p-wave amplitudes:Mcoll

5 = A ± Cpη
and Mcoll

2 = B ± Dpη, where the±sign refers to forward
and backward production of theηmeson, respectively. Ob-
viously, in collinear kinematics one cannot separate s- and
p-wave amplitudes [13]. The only exception is the limiting
point pη = 0. At this point the p-wave amplitudes vanish
and the separation of two s-wave amplitudes can be per-
formed exactly.

4.2 Four spin amplitudes

If one putsE = F = 0 in Eq.(2), then one hasM2 = −M3

and M4 = −M6. In this case the spin structure of Eq. (2)
coincides with that used in Ref. [12]. Thus, the following
replacements in Eqs.(8)-(21)

M1 = Cqx, M2 = i(B + Dqz), M3 = −M2,

M4 = iDqx, M5 = A +Cqz, M6 = −M4 (22)

reduce the general case to the approximation by four spin
amplitudes. The spin observables in terms of the ampli-
tudesA, B, C andD for this case are given in the Appendix
of Ref.[13].

When neglecting the termsE andF in Eq. (2), one can
find the only relation which contains moduli of the ampli-
tudes and does not involve their phases:

I
2

(

Cy,y −Cx,x +Cz,z

)

=
I
3

(1− Ayy) =

|D|2q2
x + |B + Dqz|

2. (23)

However, this relation does not provide new information
as compared toAyy. Furthermore, taking into account the
relation

Axx + Ayy + Azz = 0, (24)

one can find [13] that the unpolarized cross sectiondσ0,
tensor analyzing powersAi j and spin correlation coeffi-
cientsCi, j andCi, jk allow one to derive only three indepen-
dent linear equations containing the squared moduli of the
following four amplitudes:Ma = A+Cqz, Mb = B+Dqz, C
andD. Therefore, one cannot determine the moduli inde-
pendently of the phases of these amplitudes and has to
find all of them simultaneously. For this aim, one can use
nine observablesdσ0, Axx, Ayy, Axz, Cy,y, Cx,x, Cz,z, Cx,z,
andCz,x, which give nine (nonlinear) equations connect-
ing four moduli and six cosines of phases cosφCD, cosφab,

cosφCa, cosφCb, cosφDa, cosφDb. Due to Eq. (23), only
eight equations are independent. Furthermore, since only
three relative phases are independent, one should add to
these system the following three linear equations connect-
ing six relative phases:φCb − φCa = φab, φDb − φDa = φab,
φCb−φDb = φCD. However, in order to really use these rela-
tions one also has to employ equations containing sines of
the phases. Therefore, one should take, for example, the
following six observablesAd

y, Ap
y , Cy,yy, Cy,zz, Cx,yz, and

Cz,xy [13]. In total, one has 17 equations, which contain
14 spin observables and 16 unknown variables (four mod-
uli, six cosines and six sines of the phases). Most likely, a
solution to this system of equations can be found numeri-
cally, but this version of complete polarization experiment
is too cumbersome.

The problem becomes much simpler if one can mea-
sure spin transfer coefficients. A possible solution is the
following. The moduli of the amplitudesMa = A + Cqz,
Mb = B + Dqz, D andC can be found from the measure-
ment ofdσ0, Ayy, Axx andKx′

x (p) as

|C|2q2
x =

I
3

(

2Ayy − Axx − 1
)

+
I
2

[

1− Kx′
x (p)
]

,(25)

|B + Dqz|
2
=

2I
3

(1− Ayy) −
I
2

[

1− Kx′
x (p)
]

, (26)

|D|2q2
x = −

I
3

(1− Ayy) +
I
2

[

1− Kx′
x (p)
]

, (27)

|A +Cqz|
2
=

I
3

(2+ Axx) −
I
2

[

1− Kx′
x (p)
]

. (28)

In order to completely determine four complex amplitudes
three relative phases have to be measured (note that the
common phase is non-measurable and one can put it equal
to zero). A possible solution for the relative phases of the
amplitudesC, Mb, D, andMa, whose moduli are given in
Eqs.(25), (26), (27) and (28) is to measureKz′

x (p), Kx′
z (p)

andKz′
x (d). It gives cosφDb, cosφCb and cosφDa, as it fol-

lows from the following relations:

I[Kz′
x (p) + Kx′

z (p)] = −2ReD∗(B + Dqz)qx,

I[Kz′
x (p) −

1
2

Kz′
x (d)] = qxRe(B + Dqz)C∗,

I[Kz′
x (p) − Kx′

z (p)] = −2qx
[

Re(B + Dqz)C∗−

(A +Cqz)D
∗] . (29)

In order to find sinφDa, sinφDb and sinφCb, one has to mea-
sureCy,yy, Cy,xx andAp

y [13]. Thus, in this version one has
to perform ten accurate measurements.

4.3 Five spin amplitudes

Neglecting the d-wave amplitudeF in Eq. (2), one has the
rerlation M2 = −M3. For this case moduli of five am-
plitudes can be found by measurement ofdσ0, Axx, Ayy,
Kx′

x (p) andKz′
z (p). In order to find their phases one need

in addition 8 accurate measurements, for example,Kz′
x (d),

Cz,x, Cz,yz, Kz′
yz,Cx,z, Kx′

z (d), Cx,xy Kx′
xy [13].

03019-p.4
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4.4 Full set of spin amplitudes

In the general case, when all six spin amplitudesMi (i =
1, . . . , 6) are included in the consideration, there is no sim-
ple way to determine moduli of these amplitudes. There-
fore, as was concluded in Ref. [13], the complet polariza-
tion experiment becomes too complicated and, most likely,
unrealistic.

5 Specific spin observables

The complete polarization experiment provides full infor-
mation about the reaction, including possible presence and
position of the quasi-bound pole. However, in order to find
solely the specific phase behaviour of the s-wave ampli-
tudes caused by the3He− η pole, one should select only
those observables which are most informative in this re-
spect. In this connection one should note that atqz = 0
the amplitudesM2, M3 and M5 are of the s-wave type
and, therefore, are expected to contain the3He− η pole.
On the other hand, the p- and d- wave amplitudesM1,
M4 and M6 are of the non-pole type with smoothpη de-
pendence. As shown in Ref. [?], in some cases one can
get a product of s-wave and p- wave amplitudes without
performing a complete polarization experiment. Indeed, as
follows from Eqs. (17), (18), (19) and (20), the observables
Kx′

z (d), Cx,z, Cx,xy and Kx′
xy determine the following com-

plex numbersM∗1M3 and M∗4M2: ReM2M∗4 =
I
4[Kx′

z (d) −
Cx,z], ImM2M∗4 =

I
6[Kx′

xy −Cx,xy], which can be written as

Z1 = M2M∗4 = qx
[

B(D∗ + E∗) + [D(E∗ + D∗)+ (30)

(B + D)F∗)]qz
]

,

Z2 = M3M∗1 = −iqx

[

BC∗ + DC∗qz − FC∗q2
x

]

. (31)

At qz = 0, both of them are products of one s-wave and one
p-wave amplitude, because the contribution of the d-wave
term Fq2

x to Eq. (31) is negligible in the near threshold
region. Therefore,Z1 andZ2 are expected to have the pole
form of Eq. (1).

Likewise, one can find from Eqs.(17), (18), (19) and
(20) that four observablesKz′

x (d), Cz,x, Cz,yz andKz′
yz com-

pletely determine the following complex numbers:

Z3 = M5M∗4 = −iqx

[

A(D∗ + E∗)+

+ (AF∗ +CD∗ +CE∗)qz +CF∗q2
z

]

, (32)

Z4 = M3M∗6 =
[

BD∗ + |D|2qz − FD∗q2
x

]

qx, (33)

which are also expected to have the same pole form at
qz → 0. Thus, even without knowing the moduli of the
amplitudes|Mi| (i = 1, . . . , 6), one can single out the pole
dependence (1) of the measured complex numbersZk (k =
1, . . . , 4).

Furthermore, using Eq. (1), wheref (pη) = Zk(pη), and
taking real and imaginary parts of (pη − ip0)Zk, one can
find near the pole

(pη + Imp0) ReZk + Rep0ImZk = Reξ ≈ const, (34)

Rep0ReZk − (pη + Imp0)ImZk = −Imξ ≈ const; (35)

herek = 1, . . . , 4 andconst means independence ofpη. The
magnitudes ofImp0 andRep0 are restricted by the quasi-
bound state energyQ0 = −p2

0/2µ, determined from the
existing unpolarized data [10]:

2µReQ0 = (Imp0)2 − (Rep0)2, µ|ImQ0| = |Rep0||Imp0|,

(36)
whereµ is the reduced mass of the3He− η system. Eqs.
(34), (35) and Eq. (36) can be used for more precise de-
termination of the magnitudes ofImp0 andRep0 and can
give their signs. Knowledge of the sign of the real part of
p0 allows one to conclude whether the3He − η state is
quasi-bound (Rep0 > 0) or anti-bound (Rep0 < 0). One
should note that at the polepη = ip0 defined by Eq. (1),
the radial part of the s-wave function of the3He− η rel-
ative motion has the asymptotic form of∼ exp (ipηr)/r =
exp [(−Rep0 − iImp0)r]/r. This function vanishes atr →
∞ (bound) forRep0 > 0 and increases infinitely (anti-
bound) forRep0 < 0. Note that our definition ofp0 in Eq.
(1) differs from [12] by the imaginary uniti.

Measurement of spin transfer coefficients is a compli-
cated experimental problem. In this connection one should
note that measurement of only two observablesAd

y andAxz

completely determines the following complex number

Z5 = M1M∗5 + M2M∗6 =

=

[

CA∗ − BD∗ + (|C|2 − |D|2)qz

]

qx. (37)

This can be seen from the relationsReZ5 = −
I
3Axz and

ImZ5 = −
I
2Ad
y , following from Eqs.(13) and (14), respec-

tively. We emphasize that Eq. (37) is valid not only for the
case of four spin amplitudes, but also in the general case of
six independent amplitudes. However, in the pole region,
Z5 is a linear combination of the terms (pη − ip0)−1 and
(pη + ip∗0)−1:

Z5 =
ξ1

pη − ip0
+

ξ2

pη + ip∗0
, (38)

whereξ1 andξ2 are unknown smooth functions ofpη. There-
fore, Eqs. (34) and (35) are not valid forZ5, and, con-
sequently, one cannot determine from this observable the
sign ofRep0. Nevertheless, this observable can be used as a
new crucial test for the existing models of thepd → 3Heη
and 3Heη→ 3Heη reactions. As follows from thet20 mea-
surement for the reactionpd → 3Heη [1], |A| ≈ |B|. One
can see from Eq. (37), that studying theqz dependence of
Z5 could allow one to check whether|C| ≈ |D|. At qz = 0,
Z5 gives a certain relation between the s-p phasesφCA and
φBD.

Finally, there are other two complex numbers, each
of them can be determined by measurement of two spin-
correlation parametersCi, j andCi, jk:

Z6 = M1M∗3 − iM2M∗4,

ReZ6 = −
I
3

Cx,xy, ImZ6 =
I
2

Cx,z, (39)

Z7 = M4M∗5 − iM3M∗6,

ReZ7 = −
I
3

Cz,yz, ImZ7 =
I
2

Cz,x. (40)
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The variablesZ6 andZ7 are also combinations of the (pη −
ip0)−1 and (pη + ip∗0)−1 terms like Eq. (38). Note that all
variablesZi (i = 1, . . . , 7) vanish in the collinear regime
(qx = 0).

6 Conclusion

Assuming that s-wave transistion amplitudes of the reac-
tion pd → 3Heη contain the3He− η pole, whereas the p-
wave amplitudes (and other amplitudes with higher orbital
momenta) have non-pole dependence, one should expect
that knowledge of energy dependence of the s-wave am-
plitudes near the threshold could allow one to determine
the signs of the real and imaginary parts of the pole point
in the complex momentum plane. In its turn, this allows
one to determine whether the3He− η state is quasi-bound
or anti-bound.

In order to determine the s-wave amplitudes, includ-
ing their moduli and phases, one has to perform either a
complete polarization experiment or to find several opti-
mal (specific) observables. We considered both these op-
tions. We show that the complete polarization experiment
in collinear kinematics suggests only four measurements.
However, one cannot separate s- and p-wave amplitudes
in collinear regime. Two different cases are considered
beyond collinear kinematics. (i) In the case of four spin
amplitudes, ten accurate measurements (including spin-
transfer coefficients) are required to complete the exper-
iment. Knowledge of only analyzing powers and spin-
correlation coefficients in the initial state does not allow
one to determine moduli of the amplitudes independently
of their phases and suggests performing 14 accurate mea-
surements to get all four amplitudes. (ii) In the case of
five independent amplitudes, complete polarization exper-
iment suggests 13 accurate measurements. In particular,
five moduli of the amplitudes can be determined by mea-
surement of the following five observablesdσ0, Ayy, Axx,
Kx′

x (p) andKz′
z (p). Furthermore, for the general case of six

spin amplitudes the complete polarization experiment is
too cumbersome and practically unrealizable.

In view of this complexity, we suggest to measure those
spin observables which allow one to single out the pole
dependence of the s-wave amplitudes. There are two sets
of such observables:Cz,x, Kz′

x (d),Cz,yz, Kz′
yz andCx,z, Kx′

z (d),
Cx,xy, Kx′

xy.

In the most realistic case, the analyzing powersAd
y and

Axz can be measured. It allows one to determine the spe-
cific observable which has a two-pole form of Eq. (38) near
the threshold and can be used as a crucial test for existing
theoretical models of the reaction amplitude.

Finally, one should note that in general case of six in-
dependent spin amplitudes in the transtion matrix element
given by Eq. (2) the developed formalism is valid for the
reactionspd → 3Hπ+ andpd → 3Heπ0 too.
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