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History of the PDG value of the η meson mass

Publicaton PDG values of the
date η mass (MeV/c2)

until 1990 548.800± 0.600
1992 547.450± 0.190
1997 547.300± 0.120
2003 547.750± 0.120
2006 547.510± 0.180
2008 547.853± 0.024

Current PDG η mass value: (547.853 ± 0.024) MeV/c2
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Current situation of the η meson mass

)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 ***

Missing
Mass

Invariant
Mass

547.300 547.853
Experimental Measuring η mass
Facility Method (MeV/c2)
MAMI-CB *** Photoprod. 547.851
DAFNE-KLOE Invariant Mass 547.874
CESR-CLEO Invariant Mass 547.785
COSY-GEM MM: pd → 3He η 547.311
CERN-NA48 Invariant Mass 547.843
MAMI-TAPS Photoprod. 547.120
SATURNE MM: dp → 3He η 547.300
Ruth. Lab. Missing Mass 547.450

Precision: ∆mη < 50 keV/c2

Different measuring methods result in different η mass values
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”Reason for disagreement: Reaction dp → 3He η”
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FIG. 4: (Color online) Comparison of the extracted total cross sections (circles) with previous data drawn in gray: Ref. [1]
(squares), Ref. [2] (triangles), and Ref. [12] (inverted triangles). Equation (1) with the parameters given in Eqs. (3,4) represents
well all our results. The gray curve is the SPESII fit to their own data [2]. Our near–threshold data and fitted curve are shown
in the inset, while the dotted curve is the result to be expected without the 171 keV smearing in Q.

In order to affect the cross section variation over a scale
of less than 1MeV, there must be a pole of the production
amplitude in the complex plane that is typically only
1MeV away from Q = 0. From our fit values we find a
stable pole at Q0 = p2

1/2mred = [(−0.30± 0.15± 0.04)±
i(0.21 ± 0.29 ± 0.06)] MeV.

In summary, we have performed measurements of the
differential and total cross sections for the dp → 3He η
reaction near threshold where the spectrometer accep-
tance is close to 100%. The use of a beam whose energy
varies linearly with time ensured that point–to–point sys-
tematic errors were under control. It also allowed us to
determine the mean value of the excess energy with un-
paralleled accuracy. It was shown that the large physics
background could be eliminated essentially completely
through the subtraction of data taken below threshold.
Although there is a 15% uncertainty in the luminosity,
and hence in the values of the cross sections, this is a
global feature that affects all our data in the same way
and so will not change any of our principal conclusions.

It is remarkable that already for Q ! 4 MeV the an-
gular distributions are no longer isotropic and this must
be an important clue to the dynamics. Effects of p waves
might become clearer when data are available on the an-
gular dependence of the deuteron analyzing powers [13].

The consistent set of total cross section measurements
with high statistics at closely spaced values of Q should
allow theoretical models to be tested in a rigorous man-
ner. The very rapid rise and levelling–off indicates the
existence of a pole in the production amplitude within
one MeV of Q = 0. Fits on the basis of Eq. (1) suggest

that the scattering length has an enormous real part that
largely masks any effects arising from the imaginary part.
The steep variation of |f |2 with pη may bring the results
closer to those of photoproduction of the η 3He state [3].

Our experiment was only possible because of the high
quality of the ramped deuteron beam and for this we
are indebted to the COSY accelerator crew. We would
also like to thank Ch. Hanhart for many valuable dis-
cussions. The support from FFE grants of the Jülich
Research Center is gratefully acknowledged.

∗ E-mail: khoukaz@uni-muenster.de
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[9] A.Wrońska et al., Eur. Phys. J. A 26, 421 (2005).
[10] M. Betigeri et al., Phys. Lett. B 472, 267 (2000).
[11] R.Bilger et al., Phys. Rev. C 65, 044608 (2002).
[12] H.-H.Adam et al., Phys. Rev. C 75, 014004 (2007).
[13] T. Rausmann and A.Khoukaz, COSY proposal #157

(2006); www.fz-juelich.de/ikp/anke/en/proposals.shtml.
[14] J. Smyrski et al., nucl-ex/0702043.

Ideas / Speculations:
I Strong 3He η FSI → Indication for a η 3He quasi-bound state
I Coupling of 3He η ↔ 3Heππ can disturb the multipion background

near the η position → Wrong identification of the η mass
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Determination of the η mass at COSY-ANKE
The dp → 3He η reaction at COSY-ANKE

Stochastic Cooling

Target

D2 magnet

Fd system:
drift chamber
multiwire chambers
scintillation hodoscopes

3He-nuclei

I ANKE: internal fixed target
experiment with a cluster-jet target

I 3He nuclei are detected in the
forward-system

I Full geometrical acceptance for the
reaction dp → 3He η for excess
energies below 20 MeV
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Determination of the η mass at COSY-ANKE
Kinematics

Two-body reaction:

dp → 3He η
d p

ɳ

3HeCM frame

p
d

p
f

m
ɳ

I CM-energy
√

s depends only on the beam momentum pd

s = |Pd + Pp|2 = 2mp

√
m2

d + pd 2 + m2
d + m2

p

I Final state momentum pf of 3He and η

pf =

√[
s − (m3He + mη)2

]
·
[
s − (m3He −mη)2

]
2
√

s
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Determination of the η mass at COSY-ANKE
Method and Objective

Dependence: pf = pf (pd ,mη)

Near threshold:
Final state momentum is very sensitive to
the η mass!

Objective of ANKE measurement:
I Precision comparable to recent results:

∆mη < 50 keV/c2 → ∆mη
mη ≈ 10−4

I Final state mom. pf of the 3He-nuclei:
∆pf = 300 keV/c

I Beam momentum pd :
∆pd = 300 keV/c

 / (GeV/c)
d

beam momentum p
3.14 3.16 3.18 3.2

 / 
(G

eV
/c

)
f

fi
n

al
 s

ta
te

 m
o

m
. p

0

0.02

0.04

0.06

0.08

0.1

0.12

 / (GeV/c)
d

beam momentum p
3.14 3.16 3.18 3.2

2
 / 

(G
eV

/c
)

2 f
p

0

0.002

0.004

0.006

0.008

0.01

0.012

0.014  2 = 546,0 MeV/cηm

 2 = 547,3 MeV/cηm

 2 = 547,9 MeV/cηm

 2 = 549,0 MeV/cηm

6 / 20



Determination of the η mass at COSY-ANKE
Method and Objective

Dependence: pf = pf (pd ,mη)

Near threshold:
Final state momentum is very sensitive to
the η mass!

Objective of ANKE measurement:
I Precision comparable to recent results:

∆mη < 50 keV/c2 → ∆mη
mη ≈ 10−4

I Final state mom. pf of the 3He-nuclei:
∆pf = 300 keV/c

I Beam momentum pd :
∆pd = 300 keV/c

η mass fit: pf = pf (pd ,mη)
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f

p∆ = 
d

p∆with 

Needed accuracy: ∆pd
pd

< 10−4
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Beam momentum
determination pd
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Beam momentum determination
Spin resonance method
Resonant depolarization technique

I Depolarization of a vertically polarized
deuteron beam with an artificial spin
resonance

I Induced by a horizontal magnetic
rf-field

Resonance condition:

fr = (1 + γGd ) f0

γ = 1
Gd

(
fr
f0
− 1
)

pd = md
√
γ2 − 1

fr - resonance frequency
f0 - revolution frequency
Gd - gyromagnetic anomaly
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Beam momentum determination
Results Phys. Rev. ST Accel. Beams 13 (2010) 022803

pd = (3146.409± 0.029stat. ± 0.095sys.) MeV/c

∆pd
pd
≈ 3× 10−5

I Uncertainty of 95 keV/c is caused by systematic variations of the
spin resonance frequency fr

I A systematic fr shift of ±15 Hz is observed and originated by the
variation of the orbit length in COSY

I Method and results have been published in
P. Goslawski et al., Phys. Rev. ST Accel. Beams 13 (2010) 022803
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Final state momentum
determination pf

8 / 20



Final state momentum determination

Standard ANKE FD calibration:
Reactions used:

I dp → dp elastic with
– fast forward scattered d detected
– both particles detected

I dp → ppn charge-exchange scattering
with two p being detected

I dp → 3Heπ0 with 3He nucleus being
detected

Identification of dp → 3He η
I Background consisting of d , p from

dp elastic and deuteron break-up
I Suppressed by energy loss and TOF

cut on the 3He nuclei
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The 3He η signal
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The 3He η signal
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The 3He η signal
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The 3He η signal
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The 3He η signal
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The 3He η signal
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The 3He η signal
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The 3He η signal
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The 3He η signal
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The 3He η signal
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The 3He η signal
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The 3He η signal
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Background description using subthreshold data

I Subthreshold data at Q ≈ −5 MeV were analyzed as if they were
taken above threshold: ~pLS = pbeam

pbeam, sub.
· ~pLS

sub.

I Reconstructed momenta are linearly scaled with beam momentum
I Pure 3He η signal after background subtraction
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Identification of the reaction dp → 3He η
The momentum ellipse
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Verification of calibration using two-body reaction

Kinematics of two-body
reaction

I Perfect symmetric momentum
sphere in px , py , pz with radius

pf =
√

p2
x + p2

y + p2
z

I Deviations of symmetric shape
→ improve alignment

I Study cosϑ and φ dependence
of the final state momentum

pf = pf (cosϑ) and pf = pf (φ)

I Therefore full geometrical
acceptance is needed → ANKE  [GeV/c]zp
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Angular dependence of pf
pf = pf (cosϑ) for Q = 1.1 MeV
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Influence of (px , py , pz) momentum resolution on pf

Momentum components are gaussian distributed with
(σpx , σpy , σpz ) = (10, 20, 30) MeV/c
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I Final state momentum and missing mass depend on cosϑ and φ
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Improvement of calibration and determination of
momentum spreads
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pf = pf (cosϑ) and pf = pf (φ)
for:

1.) Standard ANKE calibration

2.) Calibration improved using
kinematics of two body reaction

Extracted momentum spreads
(σpx , σpy , σpz ) =
(2.8, 7.9, 16.4) MeV/c

with uncertainties of
(∆σpx ,∆σpy ,∆σpz ) =
(0.2, 0.2, 0.1) MeV/c
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Final state momentum determination
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→ Same effect occurs for missing mass

distributions
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COSY-ANKE η mass result

Excess Beam Final-state
energy Q momentum pd momentum pf

MeV MeV/c MeV/c
1.1 3146.41(3) 32.46(8)
1.4 3147.35(3) 35.56(7)
1.6 3148.45(3) 39.00(6)
2.1 3150.42(3) 44.09(6)
2.6 3152.45(3) 49.25(5)
3.1 3154.49(3) 53.66(5)
4.1 3158.71(3) 61.70(5)
5.1 3162.78(3) 68.77(4)
6.3 3168.05(3) 76.92(4)
7.3 3172.15(3) 82.64(5)
8.6 3177.51(3) 89.81(4)

10.4 3184.87(3) 98.64(4)
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Result: pf = pf (pd ,mη)

mη = (547.873± 0.005) MeV/c2 χ2/NDF = 1.28

pthr.
d = (3141.688± 0.021) MeV/c threshold momentum
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Systematic uncertainties
Sources of systematic uncertainties

Source Variation ∆mη (keV/c2)
Absolute beam momentum 95 keV/c 23
Experimental settings 2
mη assumed in simulations 20 keV/c2 < 2
∆E × β2 cut 6σ → 2σ 5
Flight length cut 3σ → 2σ 1
pf correction parameters 4σ → 2σ 12
Total systematic uncertainty 27

Systematic errors are mainly given by the determination of the absolute
value of the beam momentum and the pf correction parameters

Additional cross check of systematics:
I η mass fit for each supercycle
I Small deviation of 7 keV/c2

Supercycle mη (MeV/c2)
1 547.870
2 547.877

1+2 547.873
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COSY-ANKE result of the η meson mass

mη = (547.873± 0.005stat. ± 0.027sys.) MeV/c2

I Submitted, accepted and published
soon in Physical Review D

I Comparable and competitive in
accuracy with best measurements

I In agreement with results of invariant
mass experiments

I No influence of dp → 3He η on mass
I Probably that COSY-ANKE & KLOE

results will shift PDG value

)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
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Thank you for your attention
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Additional Slides

Additional Slides
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Determination of the η mass at COSY-ANKE
Cycle timing structure

Measurement of (pd , pf ) data set
I 12 fixed beam momenta divided

alternately into two supercycles
I Each SC covers an excess energy

range of Q ≈ 1− 11 MeV
I Data below η production threshold

for background description

pf : Five days of data taking for each
setting
(ANKE, unpol. beam)

pd : Beam momentum measurement
before and after data taking
(EDDA, rf-solenoid, pol. beam)

Supercycle (SC) with 7 different
beam energies

time in s

beam momentun p
d

1648 s

206 s

subthreshold 

Supercycle 1: week 1

Supercycle 2: week 2
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Beam momentum determination

Table: Accuracy and possible systematic shifts of the resonance frequency fr .

Source ∆fr/fr
Resonance frequency accuracy from
depolarization spectra 9.0× 10−6

Spin tune shifts from longitudinal fields
(field errors) 1.4× 10−9

Spin tune shifts from radial fields
(field errors, vertical correctors) 6.0× 10−9

Spin tune shifts from radial fields
(vertical orbit in quadrupoles) 4.1× 10−8
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Determination of the η mass at COSY-ANKE
Method and Objective

Dependence: pf = pf (pd ,mη)

Near threshold:
Final state momentum is very sensitive to
the η mass!

Objective of ANKE measurement:
I Precision comparable to recent results:

∆mη < 50 keV/c2 → ∆mη
mη ≈ 10−4

I Final state mom. pf of the 3He-nuclei:
∆pf = 300 keV/c

I Beam momentum pd :
∆pd = 300 keV/c

η mass fit: pf = S · pf (pd ,mη)

 / (GeV/c)
d

p
3.14 3.16 3.18 3.2

 / 
(G

eV
/c

)
fp

0

0.02

0.04

0.06

0.08

0.1

0.12

-mass fit:η
2 0.042) MeV/c±P0 = (547.852 

 = 300 keV/c
f

p∆ = 
d

p∆with 

I Scaling in pf because of small
inaccuracies in distance between
vertex and wire chambers
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Final state momentum determination
Identification of the reaction dp → 3He η: Background suppression

Cut on energy loss ∆E
I 3 layers of scintillation counters
I Energy loss according to

Bethe-Bloch: ∆E ∼ z2/β2

I Energy loss of 3He nuclei higher
than for p and d

I Cut on ∆E × β2

Cut on flight length s (TOF)
I Time difference ∆t between 1.

and 3. scintillation wall
I Flight length s:

s = ∆t × β = ∆t × p/E
I Clear peak for 3He nuclei
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Background description using subthreshold data for
different excess energies
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final state momentum p
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Q = 1.1 MeV
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Q = 4.1 MeV
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Q = 7.3 MeV
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Q = 10.4 MeV
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Angular dependence of pf
pf = pf (cosϑ) for Q = 10.4 MeV
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Improvement of calibration/alignment - fine tuning

I pz - magnetic field of D2
Changes from 1.4172 T→ 1.4159 T ∆ = 0.0013 T
Changes of below 0.1%

I px - deflection angle
Changes from 5.816 ◦ → 5.792 ◦ ∆ = 0.024 ◦

Changes of below 0.4%

I py - y-position of the wire chambers
Changes of 0.4 mm
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COSY-ANKE η mass result

Excess Beam Final-state
energy Q momentum pd momentum pf

MeV MeV/c MeV/c
1.1 3146.41(3) 32.46(8)
1.4 3147.35(3) 35.56(7)
1.6 3148.45(3) 39.00(6)
2.1 3150.42(3) 44.09(6)
2.6 3152.45(3) 49.25(5)
3.1 3154.49(3) 53.66(5)
4.1 3158.71(3) 61.70(5)
5.1 3162.78(3) 68.77(4)
6.3 3168.05(3) 76.92(4)
7.3 3172.15(3) 82.64(5)
8.6 3177.51(3) 89.81(4)

10.4 3184.87(3) 98.64(4)
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Symbols not error bars

Result: pf = S · pf (pd ,mη)

mη = (547.873± 0.005) MeV/c2 with S = 1.008± 0.001
χ2/NDF = 1.28

pthr.
d = (3141.688± 0.021) MeV/c threshold momentum
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COSY-ANKE η mass result
 /

 (
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p
δ 0.5
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10×

Result without scaling
factor: pf = pf (pd ,mη)

mη = (547.809± 0.003) MeV/c2

χ2/NDF ≈ 25

Residual plot shows systematic
deviation of pure kinematics for the
reconstructed pf

Shift of 64 keV/c2 in mη compared
to fit with scaling factor
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