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ω → π+π−π0 dynamics
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Dalitz plot density distribution ∼ |M(s12, s23)|2, |M|2 = 1 : Phase space

Restrictions from quantum numbers

ω : I (JP ) = 0(1−)
J3π = 1 and J2π = 1

P - wave phase space
|M|2 = P ∝ |p̄i × p̄j |2
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1 [Uppsala] C. Terschlüsen, B. Strandberg, S. Leupold, F. Eichstädt Eur.Phys.J. A49 (2013) 116
2 [Bonn] S.P. Schneider, et al., Eur.Phys.J. C72 (2014) 2012
3 [JPAC] Danilkin, et al. Phys. Rev. D91 (2015) 094029
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Why study ω → π+π−π0 dynamics
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Study importance of hadronic final state interactions

Largest previous statistics ∼ 4200 events.

Unable to distinguish ρ onset.
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µ − aexp

µ — Data driven efforts to reduce theoretical error 4,5.
4 G. Colangelo, et al. Phys.Lett. B738 (2014) 6-12 5 V. Pauk, et al., Phys.Rev. D90 (2014) no.11, 113012

Theory contribution aµ(σaµ )× 1011

QED6 115965218.178(0.077)

EW7 153.6(1.0)

Strong8

HVP 6793.6(41.4)

HLbL 103(29)

6 Aoyama, et al., Phys.Rev.Lett. 109 (2012) 111808
7 Gnendiger, et al, Phys.Rev. D88 (2013) 0530058 Jegerlehner, arXiv:1705.00263 [hep-ph]
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Experimental setup
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Selected data events
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Event selection

3He/p,p candidate – ∆E∆E cuts

π+π−γγ candidates

π0 candidates – IM(γγ) cut

Kinematic fit – Pin = Pout , 4C-fit
Choose final track candidates
Test background hypothesis
Cut on P(χ2) and improve kinematic resolution
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Creating the Dalitz plots
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Bin size
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Experiment - Theory comparison
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Parametrisation

|M|2 ∝ P(Z , φ) · G(Z , φ)

P-wave phase space 1 + 2αZ + 2βZ 3/2 sin(3Φ) +O(Z 2)

α, β, . . . - Dalitz plot parameters
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Dispersion approach - Bonn, JPAC
α differ by ∼ factor 2

Fits to data

χ2 = χ2
A + χ2

B + χ2
C where χ2

A =
∑

i

(
ÑiA −NA

∫
i (P · G)dZdΦ

σ̃iA

)Integral over bin area

Sum over Dalitz plot bins
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Check for systematic effects
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Test of fit procedure

Fit to data simulated with P-wave only.

→ No bias.
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Simulated distributions - Hω→3π (P-wave) and H3π

Reshape H3π : H3π ’ = {a1 + a2x + a3x2}H3π

H3π” = H3π ’ × Ss/Bs′
Se/Be

Generate HGen,
∫

HGen =
∫

HExp

Extract signal events → Fill Dalitz plot

-60
-30
0
30
60

α

×10−3 χ2/ d.o. f. = 36/39

-120
-60
0
60

120

α β

×10−3 χ2/ d.o. f. = 35/38

→ No bias.



Dalitz plot introduction Experiment Dalitz plot analysis

Check for systematic effects
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L. Heijkenskjöld () ω → π+π−π0 Dalitz plot study 10 / 13

Test of fit procedure

Fit to data simulated with P-wave only.

→ No bias.
-6
-3
0
3
6

α

×10−3 χ2/ d.o. f. = 33/39

-6
-3
0
3
6

α β

×10−3 χ2/ d.o. f. = 32/38

Test of signal extraction method

He) [GeV]3MM( 
0.65 0.7 0.75 0.8 0.85 0.9

0

100

200

300

400

500

-bin 01ΦZ-bin 01 
Experiment

Exp. signal

Fitted background

Fitted background

 + signal
Fit results

 = 0.985
ν
2χ

a1, a2, a3

and Se/Be

He) [GeV]3MM( 
0.65 0.7 0.75 0.8 0.85 0.90

5000

10000

15000

20000

25000

30000

35000
-bin 01ΦZ-bin 01 

Shaped background

+ simulated signal

He) [GeV]3MM( 
0.65 0.7 0.75 0.8 0.85 0.90

100

200

300

400

500
-bin 01ΦZ-bin 01 

Generated data

Experimental

Hω→3π + H3π” Generated

Simulated distributions - Hω→3π (P-wave) and H3π

Reshape H3π : H3π ’ = {a1 + a2x + a3x2}H3π

H3π” = H3π ’ × Ss/Bs′
Se/Be

Generate HGen,
∫

HGen =
∫

HExp

Extract signal events → Fill Dalitz plot

-60
-30
0

30
60

α

×10−3 χ2/ d.o. f. = 36/39

-120
-60
0

60
120

α β

×10−3 χ2/ d.o. f. = 35/38

→ No bias.



Dalitz plot introduction Experiment Dalitz plot analysis

Check for systematic effects
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ω → π+π−π0 studied by WASA-at-COSY
- First observation of deviation from P-wave phase space
- Benchmark α from theory

Higher statistics measurement
- β, γ, . . .
- Increase precision for dispersive calculations

Thank you for your attention!
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Fit method

Parametrisation P · G(Z ,Φ)

G(Z ,Φ) = 1 + 2αZ + 2βZ 3/2 sin(3Φ) + 2γZ 2 + 2δZ 5/2 sin(3Φ) +O(Z 3)

χ2 =
3∑

a=1

∑
ij

(
Ña

ij−N
a(H

(i)
ij +αH

(ii)
ij +βH

(iii)
ij +...)

σ̃Na
ij

)2
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ij =

binmax
ij∫

binmin
ij

P(Z ,Φ)dZdΦ
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ij
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