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Studying η-Meson Decays with
WASA-at-COSY
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From Quarks to Mesons
LQCD(q̄, q, g) =

∑
f =u,d,s,c,b,t

q̄f (iγµDµ −mf )qf − 1
4 Ga

µνGaµν

General Chiral Limit

Energy & MeV ∼ GeV

Quark mass mu ,md ,ms, ..., 6= 0 (mu ,md ,ms)→ 0
L- and R-Quarks coupled via mf decoupled
Symmetry SU(3) colour chiral symmetry∗

Theory Full QCD Full QCD→ ChPT
Lagrangian LQCD(q̄, q, g) Leff (π,K , η) = L2N + LWZW + ...

∗ spontaneously broken in ground state
Goldstone Theorem

=⇒
massless bosons⇔
8 pseudoscalar? mesons: π,K , η

? J = ` = s = 0

,

K

3

http://upload.wikimedia.org/wikipedia/commons/e/e0/Meson-...

1 von 1 11.10.13 21:39
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One Meson, many Opportunities

mη = 0.5478GeV/c2

Γη = (1.31± 0.05) keV

τ̄ ≈ 5 · 10−19 s

JPC = 0−+ =⇒ η-meson is:
C-, P-, G- and CP- eigenstate

All strong and electromagnetic
decays are forbidden to first order

⇒ Access to rare decay processes

  

η

    γ
(π+π-)

γπ π π     γ
(π+π-)
( l+   l- )

    γ
(π+π-)

l+ l-

R
a

d
ia

tiv
e

(Semi-)Leptonic
Hadro

nic

→Quark mass ratio
→Isospin violation

→Transition Form Factor
→CP-violation

→QCD anomalies
→FSI

η-Meson production at WASA-at-COSY:

1 pd → 3Heη[η → ...] ‖ σ(η) = (0.412± 0.016)µb at Tbeam = 1GeV

2 pp → ppη[η → ...] ‖ σ(η) = (9.8± 1)µb at Tbeam = 1.4GeV
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Wide Angle Shower Apparatus - WASA

03.06.2016 Daniel Lersch for the WASA-at-COSY collaboration Slide 4



Wide Angle Shower Apparatus - WASA
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Wide Angle Shower Apparatus - WASA
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The Data Sets
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Reconstruct η-meson via missing mass: |Pin − Pout|
Background contributions from direct pion production reactions: pd → 3HeX, pp → ppX
with: X = π+π− , X = π0π0 and X = π+π−π0

pd → 3Heη pp → ppη

Data taken in 2008 2009 2008 2010 2012

Duration of beam time 4 weeks 8 weeks 2 weeks 7 weeks 8 weeks

#η detected (pd) / produced (pp) ∼ 1 · 107 ∼ 2 · 107 ∼ 1 · 108 ∼ 4 · 108 ∼ 5 · 108
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�� ��η → π+π−π0 The Dalitz Plot

(a) KLOE coll., JHEP, 05, (2008)

Dimensionless Dalitz plot variables:

X =
√

3 Tπ+−T
π−

Tπ+ +T
π−+T

π0

Y =
3T
π0

Tπ+ +T
π−+T

π0

Decay via strong isospin violation: Γmeas =
(

QD
Q

)4
Γ̄

Q2 =
m2

s−m̂2

m2
d−m2

u
, m̂ = 1

2 (mu + md )

Γ̄ calculated with ChPT at Dashen limit, QD = 24.2

Dalitz plot analysis: d2Γ
dXdY ∝ (1 + aY + bY 2 + dX 2 + fY 3 + gX 2Y + ...)

→ c, e and h would imply C-violation
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�� ��η → π+π−π0 Results from pd → 3Heη

Parameter: −a b d f

Th
eo

r. ChPT (NNLO)(b) 1.271(75) 0.394(102) 0.055(57) 0.025(160)

NREFT(c) 1.213(14) 0.308(23) 0.050(3) 0.083(19)

PWA(e) 1.116(32) 0.188(12) 0.063(4) 0.091(3)

E
xp

. KLOE (08)(a) 1.090(5)(+8
−19) 0.124(6)(10) 0.057(6)(+7

−16) 0.14(1)(2)

WASA(d) 1.144(18) 0.219(19)(47) 0.086(18)(15) 0.115(37)

KLOE (16)(f ) 1.104(3)(2) 0.142(3)(5
−4) 0.073(3)(+4

−3) 0.154(6)(+4
−5)

(a) KLOE coll., JHEP, 05, (2008) (b) J. Bijnens and K. Ghorbani., JHEP, 11, (2007) (c) S- P. Schneider et al., JHEP, 028, (2011)

(d) WASA-at-COSY coll., Phys. Rev., C90(045207), 2014 (e) Peng Guo et al., Phys. Rev., D92(05016), (2015) (f) KLOE coll., JHEP, 019, (2016)

∼ 120 k η → π+π−π0 events in the final
event sample

Calculation from JPAC? group:
Q = 21.4± 0.4(e)

? Interactive web page: http://www.indiana.edu/ jpac/index.html

(e) Peng Guo et al., Phys. Rev., D92(05016), (2015)

Dalitz plot analysis for
pp → ppη[η → π+π−π0] in progress
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�� ��η → π+π−γ The box anomaly and π+π− FSI

Chiral limit:(a),(b)

 = WZWL + + ...
'η,η,0π

γ

γ

'η,η

+π

-π

γ

triangle anomaly box anomaly

Wess-Zumino-Witten Lagrangian
(a) Wess, Zumino, Phys. Lett, B37(95), 1971

(b) Witten, Nucl. Phys., B223:422-432, 1983

Decay amplitude Aη→π+π−γ is sensitive to
box anomaly(c):

A
η→π+π−γ∝

e
4
√

3π2F3
π

(
Fπ
F8

cos θ−
√

2 Fπ
F0

sin θ
)

ΓTheory(η → π+π−γ) = 35.7 eV(c)

ΓExp.(η → π+π−γ) = (55.3± 2.4) eV(d)

(c) B.R. Holstein, Phys. Scripta, T99:55-67, 2002

(d) PDG, Chin. Phys., 090001, 2014

Photon energy distribution Eγ :(e)

(e) WASA-at-COSY coll. Phys. Lett., B707:243-249, 2012

-rest frame [GeV]η in γE
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]γ-π+π→η[ηHe3→pd
WASA-at-COSY:

Eγ (sππ) = 1
2 ·
(

mη − sππ
mη

)
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�� ��η → π+π−γ The box anomaly and π+π− FSI

Beyond chiral limit:

 = WZWL + + ...
'η,η,0π

ρ
+π

-π

γ

'η,η

+π

-π

γ

Wess-Zumino-Witten Lagrangian
& π+π− Final State Interactions

Modification of decay amplitude:(a)

(a) F.Stollenwerk et al., Phys. Lett., B707:184-190, 2012

Aη→π+π−γ × [FPV (sππ)× (1 + αsππ)]

⇒ Description of FSI:

{
by FPV α = 0
reaction specific∗ α 6= 0

*Input from theory

ΓTheory(η → π+π−γ) = 35.7 eV(b)

ΓExp.(η → π+π−γ) = (55.3± 2.4) eV(c)

(b) B.R. Holstein, Phys. Scripta, T99:55-67, 2002

(c) PDG, Chin. Phys., 090001, 2014

Photon energy distribution Eγ :(d)

(d) WASA-at-COSY coll. Phys. Lett., B707:243-249, 2012

-rest frame [GeV]η in γE
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γ-π+π→ηA-2 = 1.89 GeVα

 = 0α

]γ-π+π→η[ηHe3→pd
WASA-at-COSY:

Eγ (sππ) = 1
2 ·
(

mη − sππ
mη

)
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�� ��η → π+π−γ Theoretical Predictions and
Recent Measurements

Γ(η → π+π−γ)/Γ(η → π+π−π0) α [GeV−2]

E
xp

er
im

en
t

Gormley et al. 0.202± 0.006 1.8± 0.4
Thaler et al. 0.209± 0.004 -
Layter et al. - −0.9± 0.1
GAMS-200∗ - 2.7± 0.1

CRYSTAL BARREL∗ - 1.8± 0.53
CLEO 0.175± 0.013 -

WASA-at-COSY Preliminary: 0.206± 0.011 1.89± 0.86
KLOE 0.1856± 0.003 1.32? ± 0.2
CLAS See talk by M.C. Kunkel (Session B) -
BESIII Analysis ongoing for η and η′ -

Th
eo

ry N/D 0.2188± 0.0088 0.64± 0.02
HLS 0.1875± 0.0094 0.23± 0.01

(O(p6) + 1− loop) 0.1565± 0.0063 −0.7± 0.1
Box anomaly 0.119± 0.0048 −1.7± 0.02

∗Measured η′ → π+π−γ / ? Include effects of a2: Kubis and Plenter, Eur. Phys. J., C75: 283, 2015

=⇒Determine Γ(η→π+π−γ)

Γ(η→π+π−π0)
and α via Eγ -distribution in pp → ppη[η → π+π−γ]
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�� ��η → π+π−γ Theoretical Predictions and
Recent Measurements

Γ(η → π+π−γ)/Γ(η → π+π−π0) α [GeV−2]

E
xp

er
im

en
t

Phys. Rev.,D2:501-505, 1970 0.202± 0.006 1.8± 0.4
Phys. Rev.,D7:2569-2571, 1973 0.209± 0.004 -
Phys. Rev.,D7:2565-2568, 1973 - −0.9± 0.1

Phys.,C50:451-454, 1991
∗ - 2.7± 0.1

Phys. Lett.,B402:195, 1997
∗ - 1.8± 0.53

Phys. Rev. Lett.,99(122001), 2007 0.175± 0.013 -
Phys. Rev. Lett.,B707:243-249, 2013 - 1.89± 0.86

Phys. Lett.,B718:910-914, 2013 0.1856± 0.003 1.32± 0.2
- - -
- - -

Th
eo

ry Phys. Scripta, T99:55-67, 2002 0.2188± 0.0088 0.64± 0.02
Europ. Phys. Journal, C31:525-547, 2003 0.1875± 0.0094 0.23± 0.01

Phys. Lett., B237:488-494, 1990 0.1565± 0.0063 −0.7± 0.1
Phys. Scripta, T99:55-67, 2002 0.119± 0.0048 −1.7± 0.02

∗Measured η′ → π+π−γ

=⇒Determine Γ(η→π+π−γ)

Γ(η→π+π−π0)
and α via Eγ -distribution in pp → ppη[η → π+π−γ]
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�� ��η → π+π−γ Status in pp → ppη
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∼ 209 k η → π+π−γ events reconstructed
Eγ-distribution after background correction from direct pion production
Ongoing steps:
i) Systematic checks⇔ Include efficiency corrections
ii) Calculate Γ(η→π+π−γ)

Γ(η→π+π−π0)
and α

03.06.2016 Daniel Lersch for the WASA-at-COSY collaboration Slide 11



�� ��η → π+π−e+e− CP-Violation

η → π+π−γ

CP-conserving for M1 and E2 transitions

Access to CP-violation:
⇒ Measure E1 transition
⇒ Need information about polarisation of single

photon

η → π+π−γ∗[γ∗ → e+e−]

Look at asymmetry AΦ
(a) of angle Φ between decay

planes of electrons and pions:

AΦ =
N(sin[Φ] cos[Φ]>0)−N(sin[Φ] cos[Φ]<0)
N(sin[Φ] cos[Φ]>0)+N(sin[Φ] cos[Φ]<0)

Upper limit predicted by theory(a) : ∼ 1%

Results found by KLOE:(b)

1.) AΦ = (−0.6± 2.5stat ± 1.8sys) · 10−2

2.) Γ(η→π+π−e+e−)
Γη

=

(2.68± 0.09stat ± 0.07sys) · 10−4

(a) D. Gao. Mod. Phys. Lett., A17:1583-1588, 2002

(b) KLOE coll. Phys. Lett., B675:283-288-914, 2009
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�� ��η → π+π−e+e− Results from pd → 3Heη

Preliminary
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FIG. 13. (Color online) sin� cos� distribution for the data
and Monte Carlo simulation of the ⌘ ! ⇡+⇡�e+e� with a
flat � distribution.

Channel Branching Ratio
w.r.t. ⌘ ! ⇡+⇡�⇡0

��

⌘ ! ⇡+⇡�� 0.206 ± 0.003stat/fit ± 0.008sys

⌘ ! e+e�� (2.97 ± 0.03stat/fit ± 0.13sys) ⇥ 10�2

⌘ ! ⇡+⇡�e+e� (1.2 ± 0.1stat ± 0.1sys) ⇥ 10�3

⌘ ! e+e�e+e� (1.4 ± 0.4stat ± 0.2sys) ⇥ 10�4

TABLE I. Summary of experimental results for branching ra-
tios relative to the normalization channel ⌘ ! ⇡+⇡�⇡0

�� .

0.008sys. It is in good agreement with the older exper-720

iments [31, 32] but is 2.6 and 2.5 standard deviations721

above the recent values from CLEO [33] KLOE [35] re-722

spectively.723

The measured relative branching ratios can be trans-724

lated to absolute branching ratios by using known world725

averages from Ref. [1] for the branching ratios of ⌘ !726

⇡+⇡�⇡0 and ⇡0 ! ��. The results are presented in Ta-727

ble II.728

The branching ratio for ⌘ ! e+e�� is consistent with729

the most recent Particle Data Group fit (6.9±0.07)⇥10�3
730

but it is more precise by 20%. The absolute branching731

ratios for ⌘ ! ⇡+⇡�e+e� and ⌘ ! e+e�e+e� decays are732

in good agreement with the values reported by KLOE733

[14, 22]734

The measured dihedral angle asymmetry, A� for ⌘ !735

⇡+⇡�e+e� has been determined to be consistent with736

zero: A� = (�1.1 ± 6.6stat ± 0.2sys) ⇥ 10�2.737

After the collection of data presented here, WASA-738

at-COSY has collected a high statistics data sample of739

⌘ mesons using the proton-proton production reaction.740

This new data set is particularly important for rare de-741

cay studies since an order of magnitude increase of the742

⌘ meson decay events is expected. The background to743

signal ratio and the detector resolution are comparable744

to the presented pd data.745

Channel Branching Ratio
⌘ ! ⇡+⇡�� (4.67 ± 0.07stat/fit ± 0.19sys) ⇥ 10�2

⌘ ! e+e�� (6.72 ± 0.07stat/fit ± 0.31sys) ⇥ 10�3

⌘ ! ⇡+⇡�e+e� (2.7 ± 0.2stat ± 0.2sys) ⇥ 10�4

⌘ ! e+e�e+e� (3.2 ± 0.9stat ± 0.5sys) ⇥ 10�5

TABLE II. Summary of experimental results for the absolute
branching ratios, extrapolated from the relative branching ra-
tio for each channel with respect to ⌘ ! ⇡+⇡�[⇡0 ! ��] us-
ing the branching ratios from Ref. [1]: BR(⌘ ! ⇡+⇡�⇡0) =
(2.292±0.028)⇥10�1 and BR(⇡0 ! ��) = (98.823±0.034)⇥
10�2.
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Jülich FFE Funding Program of the Jülich Center for760
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Prelimiary

251± 17 η → π+π−e+e− events in the final sample

Preliminary:
1.) AΦ = (−1.1± 6.6stat ± 0.2sys) · 10−2

2.) Γ(η→π+π−e+e−)
Γη

= (2.7± 0.2stat ± 0.2sys) · 10−4

More statistics⇒ ppη data set
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�� ��η → π+π−e+e− Status in pp → ppη

Analysis done for a fraction of 2010
pp → ppη data set:(c)

∼ 220 η → π+π−e+e− events
reconstructed
∼ 1, 000 events expected for full
pp → ppη data sample

Analysis in pp → ppη needs to be
continued

(c) D. Coderre,PhD Thesis, 2012
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�� ��η → e+e−γ and η → e+e−e+e− Dalitz Decays

Single off-shell transition form factor F (q2)

dΓ
dq2 =

[
dΓ
dq2

]
QED
· |F (q2)|2

Observables to test: Γ(η→e+e−γ)
Γη

and Dilepton mass

Recent result: Γ(η→e+e−γ)
Γη

= (6.9± 0.4) · 10−3(a)

(a) K. Olive et al. Chin. Phys., C38, 090001, 2014

Double off-shell transition form factor F (q2
1 , q

2
2)

Different approaches for calculation of F (b)

Observable to test: Γ(η→e+e−e+e−)
Γη

Current result measured by KLOE:(c)

Γ(η→e+e−e+e−)
Γη

=(2.4±0.2stat±0.1sys)·10−5

(b) J. Bijnens et al. arXiv:hep-ph/0106130v1, 2001 (c) KLOE coll. Phys. Lett., B702:324-328, 2011
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�� ��η → e+e−γ and η → e+e−e+e−

Results from pd → 3Heη

Preliminary

14, 040± 120 events η → e+e−γ events
reconstructed

Preliminary: Γ(η→e+e−γ)
Γη

=

(6.72± 0.07stat ± 0.31sys) · 10−3

Preliminary

18± 5 η → e+e−e+e− events
reconstructed

Preliminary: Γ(η→e+e−e+e−)
Γη

=

(3.2± 0.9stat ± 0.5sys) · 10−5

Status of those decays in pp → ppη:

See talk by Anktia Goswami at the end of this session
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�� ��η → π0e+e− C-Violation

Possible Realisations of this Decay:

Forbidden by SM:
BR(η → π0e+e−) < 4 · 10−5 (a)

Investigate existing upper limit BR in pd → 3Heη
and pp → ppη data set

⇒ See poster by Kay Demmich on 04.06.2016

(a) K. Olive et al. Chin. Phys., C38, 090001, 2014
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Summary and Outlook
Decay mode Γ(η → ...)/Γη

(a) Issue

η → π0π0π0(b) (32.68± 0.23)% Dalitz plot analysis
η → π+π−π0(c) (22.92± 0.28)% Dalitz plot analysis
η → π+π−γ(d) (4.22± 0.08)% Box anomaly, π+π− FSI
η → e+e−γ(e) (0.69± 0.11)% Single-off-shell transition form factor

η → π0γγ (2.7± 0.5) · 10−4 Test of ChPT
η → π+π−e+e−(e) (2.68± 0.11) · 10−4 CP-Violation
η → e+e−e+e−(e) (2.40± 0.22) · 10−5 Double-off-shell transition form factor
η → π0e+e− < 4 · 10−5 C-Violation
η → e+e− < 5.6 · 10−6 Physics beyond the SM

2� Analysis of pd → 3Heη[η → ...](e)

2 Analysis of pp → ppη[η → ...]

(a): PDG, Chin. Phys., 090001, 2014

(b): WASA-at-COSY coll., Phys. Lett., B677:24-29, 2009

(c): WASA-at-COSY coll., Phys. Rev., C90(045207), 2014

(d): WASA-at-COSY coll., Phys. Lett., B707:243-249, 2012

(e): Publication in progress
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η→π+π-γ

η→π+π-π0

η→e+e-

η→π+π-e+e-

η→e+e-e+e-

η→e+e-γ

η→e+e-π0

Picture found at: http://www.sunexpressnews.com/wp-content/ uploads/2011/12/MTG Apocalypse-Hydra.jpg

03.06.2016 Daniel Lersch for the WASA-at-COSY collaboration Slide 18



Contents

(2) From Quarks to Mesons

(3) One Meson, many Opportunities

(4) WASA

(6) The Data Sets

η → π+π−π0

(7) The Dalitz Plot

(8) Results from pd → 3Heη

η → π+π−γ

(9) The box anomaly and π+π− FSI

(10)Theoretical Predictions and Recent Measurements

(11) Status in pp → ppη

η → π+π−e+e−

(12) CP-Violation

(13) Results from pd → 3Heη

(14) Status in pp → ppη

η → e+e−γ and
η → e+e−e+e−

(15) Dalitz decays

(16) Results from pd → 3Heη

η → π0e+e−

(17) C-Violation

(18) Summary and Outlook

03.06.2016 Daniel Lersch for the WASA-at-COSY collaboration Slide 19



Backup

η → π+π−γ
Theoretical Models

Analysis (Split-off rejection)

Analysis (Kinematic fit)

Determining the Eγ -distribution

η → e+e−γ and η → e+e−e+e−

Form factor F (q2)

Theoretical predictions for Γ(η → e+e−e+e−)/Γ(η)

Conversion events

η Production mechanisms

Preselection of the pp → ppη data set

03.06.2016 Daniel Lersch for the WASA-at-COSY collaboration Slide 20



�� ��η → π+π−γ Theoretical Models

N/D-Model:a)

One-loop chiral corrections and VMD

Modify A
η→π+π−γ with:

[ 1+0.5m2
ρsππ

D1(sππ )

]

HLS (Hidden Local Symmetries)-Model:b)

γ − V Transitions

Modify A
η→π+π−γ with:

[
1 +

3m2
ρ

Dρ(sππ )

]
O(p6) + 1− loop-Modell:c)

Higher momentum orders O(p6) and one loop chiral
corrections
Modify A

η→π+π−γ with:[
1 + C loops + 3

2m2
ρ

(pπ+ + p
π− )2

]
Pion-Vektor-Formfactor:d)

π+π−-interactions (universal)
Modify A

η→π+π−γ with:

FPV (sππ) ≈ a · s3
ππ + b · s2

ππ + c · sππ + d

a) B.R. Holstein, Phys. Scripta, T99:55-67, 2002

b) M.Benayoun et al., Europ. Phys. Journal, C31:525-547, 2003

c) J.Bijnens et al., Phys. Lett., B237:488-494, 1990

d) F.Stollenwerk et al., Phys. Lett., B707:184-190, 2012
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�� ��η → π+π−γ Analysis
i) Rejection of split-offs

Edep = 0

Edep ! 0

No split-off split-off

One (charged) particle in the calorimeter

(charged) particle (charged) particle

Hit in calorimeter is assigned to a
cluster

Split-off: Satellite cluster with close
distance to primary cluster→ low
energy fake photon

Predominant background:
pp → ppπ+π−(γ)

Reject low energy fake photons with
close distance to primary cluster
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�� ��η → π+π−γ Analysis
ii) Kinematic fit

,4)
γ-π+πpp→pp

2χProbability P(
0 0.2 0.4 0.6 0.8 1

C
o

u
n

ts
 p

er
 b

in

1

10

210

310

410

510

610

710 Data
MC cocktail

γ-π+π→η
0π-π+π→η

γ-e+e→η
0π-π+πpp→pp

-π+πpp→pp

⇐reject  accept⇒

γ-π+πpp→Fit hypothesis: pp

Least squares fit:

χ2 =
Np∑
i=1

Nv∑
j=1

( vfit
ij −vmeas

ij
σmeas

ij

)2
+2·∑

µ
λµFµ(vfit

11, ..., vfit
NpNv

)

Fµ: energy and momentum conservation
→ 4 constraints

P(χ2,N) = 1√
2N ·Γ( 1

2 N)

∞∫
χ2

e−
t
2 · t 1

2 N−1dt

Use kinematic fit to:
a) Improve resolution
b) Suppress background
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�� ��η → π+π−γ Determining the Eγ-distribution

Scan two proton missing mass distribution in Eγ-intervals
Subtract background for each Eγ-interval
Obtain number of η → π+π−γ events
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�� ��η → e+e−γ Form factor F (q2)1. Towards the Form Factor

a) Result of the CB/TAPS
measurement of the η → e+e−γ
decay [28]

b) Results of the Lepton-G (open circles)
and the NA60 (triangles) measure-
ments of the η → µ+µ−γ decay. The
solid and dashed-dotted lines are fits to
the NA60 data while the dotted line is
the VMD model prediction. Picture is
taken from [30]

Fig. 1.3: The squared transition form factor of the η meson as a function
of the lepton pair mass, obtained in the CB/TAPS, Lepton-G and NA60
experiments for η → e+e−γ and η → µ+µ−γ decays.

1.3 Previous Experiments 19

Single-pole formula: FP(q2) = (1− b2
Pq2)−1, bP ≡ 1

ΛP
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�� ��η → e+e−e+e−

Theoretical predictions for Γ(η → e+e−e+e−)/Γ(η)

Double transition form factor F (q2
1 , q

2
2)

Different approaches for calculation of F (a):

F (q2
1 , q

2
2) Γ(η → e+e−e+e−)/Γ(η) [10−5]

1 2.52± 0.02

m4
ρ

(m2
ρ−q2

1 )(m2
ρ−q2

2 )
2.65± 0.02

m2
ρ

(m2
ρ−q2

1−q2
2 )

2.64± 0.02

m4
ρ−

4π2F2
π

NC
(q2

1 +q2
2 )

(m2
ρ−q2

1 )(m2
ρ−q2

2 )
2.61± 0.02

(a) J. Bijnens et al. arXiv:hep-ph/0106130v1, 2001
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Conversion events
4.7 Suppression of Conversion Background
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Figure 4.15: An exaggerated schematic of the condition on invariant mass at the beam

pipe. The left diagram represents an e+e− pair coming from the origin. When the four

vectors at the beam pipe are considered, they have already changed direction due to the

influence of the magnetic field and the invariant mass is larger than the actual value. The

diagram on the right shows a conversion pair. Here, the electrons originate from the beam

pipe so the correct invariant mass is calculated.

intersects the beam pipe instead of at the closest approach to the origin. Since only

φ0 has to be changed, the momentum and polar angle of the electron and positron

three vectors remain constant. Only the azimuthal angle changes, which has the effect

of changing the relative directions of the momentum vectors in the axial plane. The

effect on conversion and non-conversion pairs is illustrated in Figure 4.15. For pairs

originating from the origin, the invariant mass at the beam pipe will be larger than the

true value due to the larger opening angle between the particles. For pairs originating

from the beam pipe, the momentum vectors should be parallel and the invariant mass

at the beam pipe should be about two times the electron mass.

Combining information on the position of the e+e− vertex and the invariant mass

at the beam pipe produces a clear separation of signals from conversion and non-

conversion pairs, as shown in Figure 4.16. Spectra (a) and (b) are from simulations of

η → e+e−γ and η → γγ, respectively. Conversion events populate the enhancement

at low invariant masses and 30 mm vertex radius. These two values are correlated,

causing the slope of this band. The structures in the simulated spectra are reproduced

in the data. In spectrum (c), more events are present at larger invariant masses and

low vertex radii, corresponding to the large number of pions still in the data sample
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Conversion events: small opening angle and origin at beam pipe

Non-Conversion events: large opening angle and origin at
reaction vertex
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η Production mechanisms

pd→ 3Heη pp→ ppη
Tbeam 1GeV 1.4GeV
σ(η)a),b) (0.412± 0.016)µb (9.8± 1)µb
Suited for study of not-so-rare η decays study of (not-so-) rare η decays
Background low multi-pion background high multi-pion background

Reaction Tbeam[GeV] σ[µb]b),c)

pd → 3Heπ0π0 0.893 2.8± 0.3
pd → 3Heπ+π− 0.893 5.1± 0.5

pp → ppπ+π−π0 1.36 4.6± 1.5
pp → ppπ0π0 1.36 200± 30
pp → ppπ+π− 1.36 660± 100

a) R. Bilger et al., Phys. Rev., C65(044608), 2002

b) CELSIUS/WASA coll.., Phys. Lett., B649:122-127, 2007

c) M. Bashkanov et al.., Phys. Lett., B637:223-228, 2006
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Preselection of the pp → ppη data set
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ηpp→MC: pp
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 accept event⇒

Preselection done in two steps:
i) Condition on missing mass⇒ Rejection of multi-pion background
ii) Condition on charged tracks in the Central Detector⇒ Selection of

charged η decay modes
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