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Motivation
I Previous unpolarized measurements on dp → 3Heη provided

detailed cross section data near the production threshold
I Excitation function has shown indications of an unexpected

strong final state interaction (FSI)
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I Test for contributions to the cross section other than FSI
possible by polarized measurements

I ANKE: Investigation of the reaction with a tensor/vector
polarized deuteron beam
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Measuring dp→ 3He η at ANKE at COSY

Stochastic Cooling

Target

D2 magnet

Fd system:
drift chamber
multiwire chambers
scintillation hodoscopes

3He-nuclei

I Internal fixed target experiment
with a cluster-jet target

I 3He nuclei detected in the
forward-system

I Full geometrical acceptance for
dp→ 3Heη up to 20 MeV excess
energy
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Acceptance of the ANKE detector system

I Full acceptance for dp→ 3Heη
I Continuously ramped beam from Q = −5 MeV to Q = 11 MeV
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High precision η mass determination
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ANKE-COSY result of the η mass

mη = (547.873± 0.005stat. ± 0.023sys.) MeV/c2

ANKE η meson mass
I Highest precision measurement yet
I In agreement with higher η meson

mass measurements
I Published in Physical Review D85,

112011 (2012)

)2 / (MeV/cη mass results mη
547 547.5 548 548.5

Ruth. Lab. 74

SATURNE 92

MAMI-TAPS 95

NA48 02

COSY-GEM 05

CLEO 07

KLOE 07

MAMI-CB 12 ***

COSY-ANKE 12 ***

Missing
Mass

Invariant
Mass

547.300 547.853

5 / 16



3Heη final state interaction
Description of the differential cross section

I Differential cross section of a two-body reaction:

pi
pf
· dσ

dΩ
= |f |2 = |fB · FSI|2 = |fB|2 · |FSI|2

I Effective range approximation:

FSI =
1

1 + i · a · pf + 1
2a · r0 · p2

f

I Alternative description with poles:

FSI =
1(

1− pf
p1

)
·
(

1− pf
p2

)
with a = −i · p1+p2

p1·p2
and r0 = + 2·i

p1+p2
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3Heη final state interaction: unpolarized data

  

3He! final state interaction

!Very good description for the whole energy range

!Scattering length: a He
3 ,

&-."10.7.0.8)0.5

*0.1 $*i("1.5.2.6*1.0

)0.3 $ / fm
I Very good description for the whole energy range
I Pole close to threshold (|Q0| ≈ 0.4 MeV) might be an

indication for a quasi-bound state
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Investigation of the reaction pn→ dη
I Investigation of A dependence of the η-nucleus FSI
→ further important information about η-mesic nuclei

I Determination of dη scattering length
→ information about still unprecisely known ηN scattering
length

VOLUME 80, NUMBER 10 P HY S I CA L REV I EW LE T T ER S 9 MARCH 1998

FIG. 3. (a) Energy deposition distribution (DE) in that of the
downstream telescope planes having the lowest deposition. The
plot contains all events with hits in the downstream telescope.
The two peaks correspond to the expected energy depositions
of protons and deuterons. (b) The DE distribution for events
where in addition, 2g having an invariant mass in the h region
as shown in Fig. 2(b), are detected in the CsI(Na) arrays.
Monte Carlo data for the p 1 n ! d 1 h events are shown
by the dashed histogram.

direction of the h meson makes it possible to derive the
Fermi momentum of the struck target neutron within the
impulse approximation. It is then straightforward to cal-
culate, on an event-by-event basis, the c.m. excess energy
(QCM �

p
s 2 �md 1 mh�c2,

p
s being the c.m. energy

of the dh system), assuming that the spectator proton
is on the mass shell. Having selected events that are
kinematically consistent with this reaction (an identified
deuteron and the two g’s constrained to have an invari-
ant mass equal to the h mass), there is no possibility of
events to be reconstructed so as to appear at negative QCM
values. In the presented data, the Fermi momenta are be-
low 100 MeV�c, where quasifree h production should be
comparatively clean [6].
There could still be some background, mainly from

events with two uncorrelated g’s from 2p0 production.
By cutting on the 2g invariant-mass distribution, this
background is reduced to a level below 5% and is evenly
distributed in the measured QCM range.
Figure 4(a) shows the cross section dependence on

QCM for the quasifree p 1 n ! d 1 h reaction at
threshold together with our earlier result at higher QCM
[6]; numerical values of the cross section are given in
Table I. The normalization of our new data is obtained
from data simultaneously acquired at higher QCM [the
deuteron measured in the forward detector (FD) in Fig. 1]
where the cross section has been determined in the
earlier measurement [6]. The overall systematic error,
including a 20% uncertainty in the relative normalization,
is estimated to be around 30%. The main contributions
to the error come from uncertainties in the alignment and
in the absolute beam energy (�63 MeV). The error
from the assumption that the spectator proton is on the
shell is less than 10%, a figure obtained from analyzing
the kinematics under the assumption that the participating

FIG. 4. (a) The measured energy dependence of the cross
section for the quasifree p 1 n ! d 1 h reaction at threshold
together with the earlier results at higher c.m. energies from
our experiment [6]. The statistical errors are indicated by the
vertical bars and the bin width by the horizontal bars. Also
shown is an arbitrarily normalized phase-space curve (solid
line), and the parametrization of the cross section from Ref. [4]
(dashed line). The dashed area corresponds to the quoted
errors (1s) in the parameters. The scale on top gives the
corresponding beam energy for a fixed-target experiment. (b)
The ratio of the measured cross section and the expectation for
a two-body phase-space behavior (shown by the solid line in
Fig. 4(a). The dashed curve gives the expectations for a cross
section behavior according to the parametrization of Ref. [4]
(arbitrarily normalized).

neutron is on the shell. The analysis of our data together
with acceptance calculations show that, at threshold, the
contribution from coherent p 1 d ! p 1 d 1 h events
is well below the per mille level. The cross section is
fairly constant, about 30 mb, in the whole range from
threshold to 10 MeV. The resolution in QCM is 1 MeV
(rms) at threshold and it decreases with increasing QCM,
and at 10 MeV above threshold it is 2 MeV. Therefore,
the result implies a rapid increase of the cross section

2071

H. Calén et al., Phys. Rev. Lett. 79 (1997) 2642

H. Calén et. al., Phys. Rev. Lett. 80 (1998) 2069

Parametrisation of cross section from
F. Plouin, P. Fleury and C. Wilkin, Phys. Rev. Lett. 65 (1990) 690

I Measurement has been performed earlier this year
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Why polarised measurements?

Additional information for FSI ansatz needed
I Test for further contributions besides FSI
I Investigate production amplitude close to threshold

Alternative description of the η3He s-wave production amplitude:

f = ū3Hep̂p · (A~εd + iB~εd × ~σ) up
(Shown in J.-F. Germond & C. Wilkin, J. Phys. G 14, 181 (1988))

dσ
dΩ

=
1
3

pf
pi

[
|A|2 + 2 · |B|2

]
with A,B as the two s-wave amplitudes of the 3Heη system
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Why polarised measurements?

Assumption 1 Cross sections only differ from phase space because
of FSI
⇒ A,B show same energy dependence

Assumption 2 Cross sections depend on spin dependent production
amplitudes (no FSI effect)
⇒ A,B might show different energy dependence

How to separate |A|2 and |B|2?
⇒ Tensor analysing power t20:

t20(pf ) =
√

2 |B|
2 − |A|2

|A|2 + 2|B|2
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Why polarised measurements?

Assumption: |A|2 and |B|2 only depend on FSI

|A|2 = |A0|2 · FSI(pf )

|B|2 = |B0|2 · FSI(pf )

⇒ t20(pf ) =
√

2 · |B0|2 − |A0|2

|A0|2 + 2|B0|2
· FSI(pf )

FSI(pf )
= const.

Measure t20 in collinear kinematics

t20(pf ) = 2
√

2
pzz
·
( dσ0

dΩ (ϑ)− dσ↑

dΩ (ϑ)
dσ0
dΩ (ϑ)

)
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Determining pzz

Investigate reaction d + p → (pp) + n with known analyzing
powers at lower energy (Td = 1.2 GeV)

dσ↑
dt (q, ϕ)/

dσ0

dt (q) = 1 +
√

3pz it11(ϑ) cosϕ

− 1
2
√

2
pzzt20(ϑ)−

√
3

2 pzzt22(ϑ) cos 2ϕ
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Determining t20

I Reminder:

t20(pf ) =
2
√

2
pzz
·
( dσ0

dΩ (ϑ)− dσ↑

dΩ (ϑ)
dσ0
dΩ (ϑ)

)
ϑ = 0◦, 180◦

I Hence:
t20(pf ) =

2
√

2
pzz

(
1− N↑

N0

)
N↑,N0 are normalized counts
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Current status

Q / MeV/c
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Berger, et al. (1988)

I Data on t20 consistent with Berger, et al.
I No energy dependence visible within uncertainties
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Current status

Q / MeV
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I Allow slope to put upper limit on spin dependent contributions
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Summary

I Studied reaction ~d + p→ 3He + η in energy range
Q = −5 MeV to 15 MeV relative to η-threshold

I No energy dependence of t20 observed, t20 consistent with
Berger, et al.

I Amplitudes A,B show same energy dependence within
uncertainties

I Ratio of |A|2/|B|2 will allow to quantify spin dependent
contributions

→ Threshold behavior of d + p→ 3He + η consistent with pure
FSI ansatz

Final data available soon
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Thank you for your attention
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Additional Slides

Additional Slides
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Production amplitude
I Two independent η s-wave amplitudes (close to threshold)
I Possible dp spin combinations: S = 3

2 ,
1
2

I Couples with orbital angular momentum of dp: Ldp = 1
⇒ J = 1

2
−

I Alternative production amplitude used for analogous π0

production
f = ū3Hep̂p · (A~εd + iB~εd × ~σ) up

ū3He :Spinors of the particles
~εd :Polarisation vector of the deuteron
p̂p :Direction of momentum
~σ :Pauli matrix
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3Heη final state interaction
I Fit to the data for Q < 11MeV

p1 =
[(
−5± 7+2

−1

)
± i · (19± 2± 1)

] MeV
c

p2 =
[
(106± 5)± i ·

(
76± 13+1

−2

)] MeV
c

I Pole of the production amplitude:

Q0 =
p2

1
2 ·mred

= [(−0.30± 0.15± 0.04)± i · (0.21± 0.29± 0.06)] MeV
|Q0| ≈ 0.4

I Pole close to threshold expected from a quasi-bound state
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3Heη final state interaction

  

3He! final state interaction

!Very good description for the whole energy range

!Scattering length: a He
3 ,

&-."10.7.0.8)0.5

*0.1 $*i("1.5.2.6*1.0

)0.3 $ / fm
I Very good description for the whole energy range
I Unexpected large scattering length:

a3Heη =
[
±
(

10.7± 0.8+0.1
−0.5

)
+ i ·

(
1.5± 2.6−0.3

+1.0

)]
fm
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